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Dedication

The Committee on Diet and Health dedicates this report to the late Lucille Hurley, a diligent and enthusiastic member of
the committee who made an invaluable contribution to this study, and to the American people, whose demonstrated interest
and concerns about how diet affects their health inspired us to undertake this effort. We hope that this detailed assessment of
the data will facilitate an understanding of the complex interrelationship between diet, chronic diseases, and health, and
enhance the potential for reducing the risk of chronic diseases.
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Preface

In the first half of the twentieth century, research in human nutrition was concerned primarily with the role of essential
nutrients, particularly vitamins, in human deficiency diseases. It was not until the end of World War II that nutrition research
in human populations in the United States focused on the role of diet in chronic diseases, such as coronary heart disease and
cancer. The link forged by these later epidemiologic studies was strengthened by complementary evidence from laboratory
studies. In the last decade, the wealth of information provided by these studies has been used by U.S. government agencies
and other expert groups to propose dietary guidelines aimed at reducing the risk of one or more chronic diseases among North
Americans.

Although there has been increasing consensus among various groups on many of the dietary guidelines, there remains a
lack of agreement on several specific points. Our incomplete knowledge about the multiple environmental and genetic factors
that determine chronic disease risk, specifically dietary and nutritional risk factors, the imprecision in methods for assessing
nutrient and dietary status, and the differences among target groups and the objectives of recommendations proposed by
many expert groups have all contributed to the variability in dietary guidelines. Furthermore, there has been insufficient
documentation of the scientific bases underlying the conclusions and recommendations and the criteria used to derive them.

In recent years, the public has-been confronted with a plethora of information on diet and its association with chronic
diseases without guidance on how to separate fact from fallacy. The National Research Council's Food and Nutrition Board in
the Commission on Life Sciences recognized this dilemma and the need to address the important issue of the role of diet in
the etiology and prevention of the major causes of morbidity and mortality in the United States. In 1984, the Board
established the Committee on Diet and Health to undertake a comprehensive analysis of the scientific literature on diet and
the spectrum of major chronic diseases and to evaluate the criteria used to assess the strength of the evidence on associations
of diet with health. This report is the result of this critical and detailed analysis and is the first of a systematic series of reports
to be issued in a pattern similar to the Board's Recommended Dietary Allowances (RDAs)—a periodic review that provides
guidelines on the desirable amounts of essential nutrients in the diet.

The three major objectives of this study were:

* to develop criteria for systematically evaluating the scientific evidence relating dietary components, foods, food
groups, and dietary patterns to the maintenance of health and to the reduction of risk of chronic disease;
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* to use these criteria to assess the scientific evidence relating these same factors (dietary components, foods, food
groups, and dietary patterns) to health and to the reduction of chronic disease risk; and

+ on the basis of this assessment, to propose dietary guidelines for maintaining health and reducing chronic disease risk,
to suggest directions for future research, and to provide the basis for periodic updates of the literature and guidelines
as new information on diet and health is acquired. The 19-member interdisciplinary committee appointed to conduct
the study was assisted by one adviser and two Food and Nutrition Board liaison members. Collectively, the
Committee on Diet and Health included expertise in such disciplines as biochemistry, biostatistics, clinical medicine,
epidemiology, foods and food consumption patterns, human genetics, metabolism, various aspects of nutrition, public
health, and toxicology. During the course of the study, the committee examined data on the association between diet,
health, and chronic disease, focusing on coronary heart disease, peripheral arterial disease, stroke, hypertension,
cancer, obesity, osteoporosis, diabetes mellitus, hepatobiliary disease, and dental caries. Whenever possible, the
committee looked directly at primary sources of data contained in the literature. Works of other evaluative bodies, for
example, the Surgeon General's Report on Nutrition and Health published in 1988 and Dietary Guidelines for
Americans published in 1985 by the Departments of Agriculture and Health and Human Services, were important
secondary sources of information. By drawing from the vast and diverse epidemiologic and laboratory data base, the
committee has attempted to ensure a comprehensive and critical review. Thus, the conclusions and recommendations
throughout this report are supported by a detailed discussion of the basis underlying them.

The committee held 13 meetings during which it evaluated the literature and prepared its general review and summary.
A public meeting convened at the outset of the study served as a forum for open discussion and presentation of views and
information by the public and by representatives of the food industry, consumer groups, and scientists.

In the early stages of the study, the committee conducted five workshops during which it interacted with and shared the
expertise and research findings of a larger community of scientists. These workshops provided committee members an
opportunity to consider new or controversial data and all valid scientific points of view and to identify gaps in knowledge.
The subjects considered in the workshops included the role of vitamins, minerals, and trace elements in chronic disease risk;
the importance of genetic factors in selected diet-related chronic diseases; the association of energy, fiber, and carbohydrates
with chronic disease; pediatric diet and the risk of adult chronic disease; and criteria for formulating dietary guidelines.

The committee's report is presented in four parts. Part I (Introduction, Definitions, and Methodology) offers four
introductory chapters in addition to the Executive Summary (Chapter 1). These chapters highlight the methods and criteria
used by the committee as well as the major conclusions and dietary recommendations, their bases, and their implications.
Chapter 2 presents the criteria for evaluating the evidence linking diet and chronic disease. The strengths and weaknesses of
methodologies for assessing dietary intake as well as those of specific kinds of studies (both human and animal) designed to
assess diet-health relationships are reviewed. Trends in, and assessment of, food consumption patterns and the nutritional
status of the U.S. population are discussed in Chapter 3. In Chapter 4, the committee discusses the role of genetics in nutrition
and how genetic and environmental factors interact to influence diet-associated risks of chronic disease. Chapter 5 presents
the rationale for selecting the major diet-related chronic diseases addressed in this report and provides an overview of the
extent and distribution of those diseases in the United States. In Part II of this report (Evidence on Dietary Components and
Chronic Diseases), the criteria described in Chapter 2 provide the basis of a review of the evidence by nutrients. The 13
chapters in that section (6 through 18) summarize the epidemiologic, clinical, and laboratory data pertaining to each nutrient
or dietary factor and the chronic diseases identified by the committee. Nutrient interactions and mechanisms of action are
discussed where applicable. Part III (Impact of Dietary Patterns on Chronic Diseases) briefly reassembles the evidence
relating nutrients to specific chronic diseases or conditions and comments on the importance of diet relative to nondietary risk
factors in the etiology of those diseases. Part IV (Overall Assessment, Conclusions, and Recommendations) contains two
chapters. Chapter 27 presents the committee's conclusions, along with a summary of the process, criteria, and scientific bases
underlying them. Chapter 28 presents the
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committee's dietary recommendations and the rationales for each, as well as a detailed discussion of how the
recommendations compare to those issued in the past by other expert groups and the bases for similarities and dissimilarities
among these. Also contained in this section is an in-depth discussion of the potential risks and public health benefits of the
committee's dietary recommendations.

The committee hopes this report will be a useful resource document for scientists in academia and industry, for the
general public, and for policymakers. Furthermore, it believes that the nine dietary recommendations presented in Chapter 28
and in the Executive Summary (Chapter 1) can be implemented within the framework of the current U.S. lifestyle.
Collaboration among government agencies, the food industry, health professionals (physicians, nutritionists, dietitians, and
public health personnel), educational institutions, leaders in mass media, and the general public is encouraged to attain this
goal.

The committee greatly appreciates the hard work and organization provided by the Food and Nutrition Board staff
headed by Dr. Sushma Palmer and consisting of Drs. Christopher Howson, Farid Ahmed, and Susan Berkow, Mrs. Frances
Peter, Mr. Aldon Griffis, Ms. Marian Millstone, Ms. Dorothy Majewski, Ms. Avis Harris, Ms. Michelle Smith, and Mrs. Elsie
Sturgis.

The committee is also greatly indebted to Dr. Charles Lieber of the Bronx Veterans Administration Medical Center for
his major contribution to the chapter on alcohol and to the many people who served as consultants, as advisers, and in other
resource capacities. Many of these people drafted manuscripts for consideration by the committee, presented their views at
the public meeting, or upon request, commented on drafts, presented data, or engaged in discussions during committee
meetings, conferences, or workshops. Specifically, the committee expresses its thanks to Dr. Norman Bell, Veterans
Administration Medical Center, Charleston; Dr. Peter Bennett, National Institutes of Health; Dr. Gerald Berenson, Louisiana
State University Medical School; Dr. Jan Breslow, Rockefeller University; Dr. Raymond Burk, University of Texas Health
Sciences Center; Dr. Ritva Butrum, National Institutes of Health; Dr. Tim Byers, State University of New York; Dr. T. Colin
Campbell, Cornell University; Dr. James Carlos, National Institute of Dental Research; Dr. Marie Cassidy, George
Washington University; Dr. George Christakis, University of Miami School of Medicine; Dr. Charles Davidson,
Massachusetts Institute of Technology; Dr. William Dietz, New England Medical Center; Dr. Jean Durlach, Hospital Cochin;
Dr. Johanna Dwyer, Francis Stem Nutrition Center; Dr. S. Boyd Eaton, Emory University; Dr. R. Curtis Ellison, University
of Massachusetts Medical Center; Dr. Gail Eyssen, University of Toronto; Dr. L. Jack Filer, Jr., Executive Director of the
International Life Sciences Institute-Nutrition Foundation; Dr. Michael Goldblatt, McDonald's Corporation; Dr. Clifford
Grobstein, University of California, San Diego; Dr. Scott Grundy, University of Texas Health Sciences Center; Dr. Suzanne
Harris, Deputy Assistant Secretary for Food and Consumer Services; Dr. Robert Heaney, Creighton University; Dr. Dwight
Heath, Brown University; Dr. D. Mark Hegsted, Harvard University; Dr. Richard Hillman, Washington University Medical
School; Dr. Paul Hochstein, University of California; Dr. Michael Holick, Tufts Human Nutrition Research Center; Dr. Paul
Hopper, General Foods Corporation; Dr. Edward Horton, University of Vermont; Dr. Thomas Hostetter, University of
Minnesota; Dr. Michael Jacobson, Center for Science in the Public Interest; Dr. Norman Kaplan, University of Texas; Dr.
Carl Keen, University of California, Davis; Dr. Ahmed Kissebah, University of Wisconsin; Dr. Leslie Klevay, USDA-Human
Nutrition Research Center; Dr. David Klurfeld, Wistar Institute; Dr. William Knowler, National Institutes of Health; Dr.
Stephen Krane, Harvard University Medical School; Dr. Peter Kwiterovich, Johns Hopkins University; Dr. Orville Levander,
USDA-Human Nutrition Research Center; Dr. A. Harold Lubin, American Medical Association; Dr. Lawrence Machlin,
Hoffman-LaRoche, Inc.; Dr. Aaron Marcus, New York Veterans Administration Medical Center; Dr. Alvin Mauer,
University of Tennessee; Dr. Paul McCay, Oklahoma Medical Research Foundation; Dr. Janet McDonald, Food and Drug
Administration; Dr. J. Michael McGinnis, Department of Health and Human Services; Dr. Donald McNamara, University of
Arizona; Dr. Judy Miller, Indiana University School of Medicine; Dr. John Milner, University of Illinois; Dr. William Mitch,
Emory University School of Medicine; Dr. Curtis Morris, University of California, San Francisco; Dr. Janice Neville, Case
Western Reserve University; Dr. Ralph Paffenberger, Stanford University; Mr. Richard Peto, University of Oxford; Dr.
Ernesto Pollitt, University of California, Davis; Dr. Gerry Reaven, Stanford University; Dr. Floyd Rector, University of
California, San Francisco; Dr.
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Lawrence Resnick, New York Hospital-Cornell Medical Center; Dr. Irwin Rosenberg, Tufts University; Dr. Paul Saltman,
University of California, San Diego; Dr. Raymond Schucker, Food and Drug Administration; Dr. William Schull, University
of Texas; Dr. Noel Solomons, Institute of Nutrition of Central America and Panama; Dr. Charles Sing, University of
Michigan Medical School; Dr. Michael Stem, University of Texas Health Science Center; Dr. Ira Tabas, Columbia
University; Dr. Paul R. Thomas, Institute of Medicine; Dr. Michael Tuck, University of California, Los Angeles; Dr. Myron
Weinberger, Indiana University; Dr. Sidney Weinhouse, Temple University School of Medicine; Ms. Clair Wilson, Council
for Research Planning in Biological Sciences and the Vegetarian Society of D.C.; Dr. Richard Wurtman, Massachusetts
Institute of Technology; and Dr. Catherine Woteki, National Center for Health Statistics.

Finally, the committee would like to thank the staff of the library of the National Academy of Sciences for their
invaluable assistance in preparing this report and the staff of the National Academy Press, especially Chief Manuscript Editor
Richard Morris, who herded this volume through production. Special acknowledgment is due to Dr. Richard J. Havel,
Chairman of the Food and Nutrition Board, and other board members for their expert advice, oversight, and constant
encouragement over the course of this 3.5-year study.

ARNO G. MOTULSKY
CHAIRMAN
COMMITTEE ON DIET AND HEALTH
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1—

Executive Summary

The twentieth century has witnessed noticeable shifts in the direction of nutrition programs, policy, and research in
industrialized nations—from identification and prevention of nutrient deficiency diseases in the first three decades of the
century to refinement and application of knowledge of nutrient requirements in the subsequent two decades. In the second
half of the century, emphasis on nutrient deficiency diseases decreased as the major causes of mortality shifted from
infectious to chronic diseases. Attention then turned to investigating the role of diet in the maintenance of health and the
reduction of the risk of such chronic diseases as heart disease and cancer. Subsequently, epidemiologic, clinical, and
laboratory research demonstrated that diet is one of the many important factors involved in the etiology of these diseases.
During the past few decades, scientists have been faced with the challenge of identifying dietary factors that influence
specific diseases and defining their pathophysiological mechanisms. Simultaneously, public health policymakers, the food
industry, consumer groups, and others have been debating how much and what kind of evidence justifies giving dietary
advice to the public and how best to mitigate risk factors on which there is general agreement among scientists.

PURPOSE, APPROACH, AND SCOPE OF THE STUDY

This study on diet, chronic diseases, and health was launched in an effort to address the scientific issues that are
fundamental to nutrition policy on reducing the risk of these diseases. The Committee on Diet and Health was appointed to
conduct the study within the Food and Nutrition Board of the National Research Council's Commission on Life Sciences. The
committee began with the understanding that lack of consensus on the role of diet in the etiology of chronic diseases derived
partly from incomplete knowledge and partly from the absence of generally accepted criteria for interpreting the evidence. It
also noted that the totality of the evidence relating dietary components to the entire spectrum of major chronic diseases had
yet to be examined systematically. Several reports issued to date have addressed many issues of public health importance.
However, most have not been sufficiently comprehensive and have not crossed the boundary separating the simple
assessment of dietary risk factors for single chronic diseases from the complex task of determining how these risk factors
influence the entire spectrum of chronic diseases—atherosclerotic cardiovascular diseases, cancer, diabetes, obesity,
osteoporosis, dental caries, and chronic liver and kidney diseases.
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This report attempts to cross that boundary. It complements the recent Surgeon General’s Report on Nutrition and
Health and other efforts of government agencies and voluntary health and scientific organizations by providing an in-depth
analysis of the overall relationship between diet and the full spectrum of major chronic diseases.

In this report, the committee reviews the evidence regarding all major chronic public health conditions that diet is
believed to influence. It draws conclusions about the effects of nutrients, foods, and dietary patterns on health, proposes
dietary recommendations that have the potential for diminishing risk, and estimates their public health impact.

The committee focuses on risk reduction rather than on management of clinically manifest disease. It recognizes,
however, that the distinction between prevention or risk reduction and treatment may be blurred in conditions where dietary
modification might delay the onset of clinical diseases (e.g., the cardiovascular complications in diabetes mellitus) or might
slow the progression of impaired function; therefore, conditions such as these are addressed, but only briefly. The committee
defined risk reduction broadly to include decreased morbidity as well as mortality from chronic diseases and believes that
consideration should be given to dietary modification to reduce the risk for both. The difficulty of quantifying the role of diet
in the etiology of chronic diseases and the potential public health impact of dietary modification are discussed in Chapters 2
and 28.

In Chapter 2, the committee presents criteria for assessing the data from single studies and explains its procedure for
evaluating the overall evidence. Special attention is given to the role of nutrient interactions and to the assessment of benefits
and risks in arriving at conclusions and formulating dietary recommendations. Throughout the report, the committee
recognizes that genetically dependent variability among individuals, and variability due to age, sex, and physiological status,
may all affect physiological requirements for nutrients, responses to dietary exposures, the risk of chronic diseases, and
consequently the effectiveness of dietary recommendations in reducing the risk of chronic diseases. The report addresses in
detail the risks that apply to the general population and comments on the feasibility of defining risks for subpopulations and
individuals with different susceptibilities. Finally, the committee discusses the limitations of data on diet-disease
relationships, emphasizes the necessarily interim nature of its conclusions and recommendations, and proposes directions for
research.

CRITERIA FOR ASSESSMENT

The strengths and weaknesses of different kinds of clinical, epidemiologic, and laboratory studies and the methodologies
for dietary assessment are reviewed in Chapter 2. To the extent possible, the committee evaluated data from studies in
humans as well as in animals. It noted that ecological correlations of dietary factors and chronic diseases among human
populations provide valuable data but cannot be used alone to estimate the strength of the association between diet and
diseases. The effect of diet on chronic diseases has been most consistently demonstrated in comparisons of populations with
substantially different dietary practices, possibly because it is more difficult to identify such associations within a population
whose diet is fairly homogeneous. Thus in general, associations within populations based on case-control and prospective
cohort studies underestimate the association. In intervention studies, long exposure is usually required for the effect of diet on
chronic disease risk to be manifested. Furthermore, the strict criteria for selecting participants in such studies may result in
more homogeneous study samples, which limit the applicability of results to the general population. Despite the limitations of
various types of studies in humans, the committee concluded that repeated and consistent findings of an association between
certain dietary factors and diseases are likely to be real and indicative of a cause-and-effect relationship.

Experiments on dietary exposure of different animal strains can take genetic variability into account and permit more
intensive observation. However, extrapolation of data from animal studies to humans is limited by the ability of animal
models to simulate human diseases and the comparability of absorption and metabolic phenomena among species. The
committee placed more confidence in data derived from studies on more than one animal species or test system, on results
that have been reproduced in different laboratories, and on data that indicate a dose-response relationship.

The committee concluded that assessments of the strength of associations between diet and chronic diseases cannot
simply be governed by criteria commonly used for inferring causality in other areas of human health. Faced with the special
characteristics of studies on nutrients, dietary patterns, and chronic diseases, the commit

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/1222.html

o
=}
2

=
o
2
@
2]

X
[
)
2

o
o
(o)
@

o
@

Q2

=
(®))

£

=

£
[
%]
[0
Q.
>

2

©

£

2
=
o
o)

e

=
£
S

E

-
o
e

X
o
o)

e
=
0]
o
I
o

©

£

2
=
o
o

°

=
£
o
2

E

O
9]

)
@
)
2
G
0

Q2

©=

—

=

X
£
o
2

E

O
[0
%]
o
Q.
£
9
o
)
2
C
[0
o)

Ko]
(%2}
@

N

X
<
o
2

©

£

2
=
o
o

=

=]

b
o
c

9

=1
T

8
c
[
%]
o
2
Q.
0
2

©

=

2

S
2
@)
c

Q2

=

’_

RO

©=

L

)

o

R4

°

=

=
=}
o

!

<

and other typesetting-specific formatting, however, cannot be retained, and some typographic errors may have been accidentally inserted. Please

to the original; line lengths, word breaks, heading styles

use the print version of this publication as the authoritative version for attribution.

hronic Disease Risk

EXECUTIVE SUMMARY 5

tee first assessed the strengths and weaknesses of each kind of study and then evaluated the total evidence against six criteria:
strength of association, dose-response relationship, temporally correct association, consistency of association, specificity of
association, and biologic plausibility. Finally, it assessed the overall strength of the evidence on a continuum from highly
likely to very inconclusive. Overall, the strength, consistency, and preponderance of data and the degree of concordance in
epidemiologic, clinical, and laboratory evidence determined the strength of the conclusions in this report.

Integration of the Overall Evidence

In Section II of this report, Evidence on Dietary Components and Chronic Diseases (Chapters 6 through 18), the
committee uses the approach described briefly above and more fully in Chapter 2. Throughout this section, the committee
considers the epidemiologic, clinical, and experimental data pertaining to each nutrient or dietary factor and specific chronic
diseases, including cardiovascular diseases, specific cancers, diabetes, hypertension, obesity, osteoporosis, hepatobiliary
disease, and dental caries. Nutrient interactions and mechanisms of action are discussed where applicable.

In Section III, Impact of Dietary Patterns on Chronic Diseases, the evidence relating nutrients to specific chronic
diseases and diet-related conditions is briefly reassembled and leads to the committee's conclusions on the role of dietary
patterns in the etiology of the diseases and assessment of the potential for reducing their frequency and severity. These
conclusions are drawn directly from the research data, where the evidence pertains to dietary patterns or foods and food
groups, or from extrapolations from the evidence on individual nutrients. In its overall review and integration of the evidence,
the committee moved from a consideration of individual nutrients to foods, to food groups, and then to dietary patterns as
they relate to the spectrum of chronic diseases.

CRITERIA AND PROCESS FOR FORMULATING DIETARY RECOMMENDATIONS

Absolute proof is difficult to obtain in any branch of science. As evidence accumulates, however, it often reaches the
point of proof in an operational sense, even though proof in an absolute sense may be lacking. In law, proof beyond a
reasonable doubt is generally accepted as a standard for making decisions and taking action. The degree of evidence as well
as the severity of the crime are the bases for the relative intrusiveness of legal actions taken, e.g., issuing a warning for a
misdemeanor compared to the imposition of severe penalties for a felony.

A similar paradigm can be applied to evidence on dietary patterns and associated health risks. For example, public
education might be sufficient to warn against the potential hazard of excess caffeine intake, whereas evidence on the toxicity
and carcinogenicity of aflatoxin warrants government regulation to curtail aflatoxin contamination of grains and milk. The
strength of the evidence might not be the only relevant criterion for determining the course of action; other factors include the
likelihood and severity of an adverse effect, potential benefits of avoiding the hazard, and the feasibility of reducing exposure.

Much remains to be learned about the impact of diet on chronic disease risk. Nonetheless, in accordance with this
paradigm, the committee concluded that the overall evidence regarding a relationship between certain dietary patterns (e.g., a
diet high in total fat and saturated fat) and chronic diseases (e.g., cardiovascular diseases and certain cancers) supports (1) a
comprehensive effort to inform the public about the likelihood of certain risks and the possible benefits of dietary
modification and (2) the use of technological and other means (e.g., production of leaner animal products) to facilitate dietary
change.

Assessing Risks and Benefits

The committee hopes to contribute to knowledge about the process of arriving at dietary recommendations by
documenting the considerations and the logic that underlie its dietary recommendations. An essential step in developing
dietary recommendations for overall health maintenance is the synthesis of recommendations pertaining to single diseases
into a single coherent set of recommendations to reduce the overall risk of diet-related chronic diseases. For example,
recommendations to enhance calcium intake for possible protection against osteoporosis might, in isolation, be viewed as
conflicting with recommendations for coronary heart disease, because dairy products—which contribute the most calcium to
the U.S. diet—are also rich sources of saturated fats, which increase coronary heart disease risk. Thus,
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recommendations for maintaining adequate bone mass as well as for preventing coronary disease would logically stress
consumption of low-fat dairy products.

The committee also considered the synergistic and antagonistic effects of dietary interactions. For example, the potential
benefits of encouraging adequate trace element intake for reducing the risk of certain cancers could in principle be offset by a
recommendation to increase vegetable intake for the possible prevention of colon cancer, because high plant food diets are
also high in fiber, which could initially inhibit absorption of certain trace elements. To a large extent, the task of assessing
such potential competing risks and benefits and nutrient interactions was simplified by an inherent consistency in dietary
recommendations to maintain good health. For example, the advisability of consuming a diet low in saturated fatty acids,
total fat, and cholesterol is supported by strong evidence of potential benefit in reducing the risk of cardiovascular diseases as
well as comparatively weaker evidence that low-fat diets decrease the risk of certain kinds of cancers.

Other Considerations

The committee also considered whether to base recommendations on individual nutrients, on single foods or food
groups, or on overall pattern of dietary intake. Although recommendations based on nutrients or food groups are of value, in
the committee's experience guidelines directed toward overall dietary patterns are the most useful because they address the
total diet and are more easily interpreted by the general public. Moreover, because many studies on diet and chronic diseases
in humans have focused on foods rather than on single nutrients, food-based recommendations may more accurately reflect
current understanding about the relationship between chronic diseases and diet. Nonetheless, many of the diet-disease
relationships examined required consideration of single foods, food groups, and specific nutrients. This is reflected in the
committee's recommendations.

The committee agreed that quantitative guidelines should be proposed when warranted by the strength of the evidence
and the potential importance of recommendations to public health. Such guidelines can take into account nutrient interactions,
they are less susceptible to misinterpretation when translated into food choices, and they provide specific targets that can
serve as a basis for nutrition programs and policy. The committee has attempted to explain the degree of certainty warranted
by the evidence and to make quantitative recommendations to the extent justified.

Recommendations for Individuals as Opposed to Populations

There are two complementary approaches to reducing risk factors in the target population. The first, the public health or
population-based approach, is aimed at the general population, and the second, the high-risk or individual-based approach, is
aimed at individuals with defined risk profiles. Most chronic diseases etiologically associated with nutritional factors (e.g.,
atherosclerotic cardiovascular diseases, hypertension, obesity, many cancers, osteoporosis, and diabetes mellitus) also have
genetic determinants, and genetic-environmental interactions play an important role in determining disease outcome. For
most diseases, however, it is not yet possible to identify susceptible genotypes and thus risks to specific individuals.
Furthermore, the variability in nutrient requirements among individuals is not well defined. Therefore, it is usually not
possible to make recommendations for individuals. On the other hand, because the major chronic disease burden falls on the
general population (approximately 70% of all deaths in the U.S. population are due to cardiovascular diseases and cancer),
the most benefit is likely to be achieved by a public-health prevention strategy to shift the distribution of dietary risk factors
by means of dietary recommendations to reduce chronic disease risk in the general population.

The public health approach to prevention recognizes that even though reduction of risk for individuals with average risk
profiles (e.g., an average serum cholesterol level) might be small or negligible, because these people represent the great
majority of the population, the benefit for the total population is likely to be paradoxically large (e.g., because most coronary
deaths occur among those who have only moderate elevations in serum cholesterol levels). However, when it is possible to
identify high-risk persons, such as those with certain hyperlipidemias, special attention can be directed to their management.
Therefore, in the committee's judgment, an effective prevention strategy should be aimed at the general public and, where
knowledge permits, it should be complemented with recommendations for those at high risk.

Copyright © National Academy of Sciences. All rights reserved.
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MAJOR CONCLUSIONS AND THEIR BASES

The committee analyzed trends in the major chronic diseases as well as in eating patterns (Chapters 3 and 5). It reviewed
the epidemiologic, clinical, and laboratory evidence pertaining to dietary factors and chronic diseases (Chapters 6 through 26)
and attempted to put into perspective the role of diet as it relates to other environmental and genetic factors in the etiology of
these diseases (Chapters 4 and 5).

Following are the general conclusions drawn from the committee's in-depth review, as well as the specific conclusions
pertaining to the major dietary components and specific chronic diseases.

General Conclusions

A comprehensive review of the epidemiologic, clinical, and laboratory evidence indicates that diet influences the risk
of several major chronic diseases. The evidence is very strong for atherosclerotic cardiovascular diseases and
hypertension and is highly suggestive for certain forms of cancer (especially cancers of the esophagus, stomach, large
bowel, breast, lung, and prostate). Furthermore, certain dietary patterns predispose to dental caries and chronic liver
disease, and a positive energy balance produces obesity and increases the risk of noninsulin-dependent diabetes
mellitus. However, the evidence is not sufficient for drawing conclusions about the influence of dietary patterns on
osteoporosis and chronic renal disease.

Most chronic diseases in which nutritional factors play a role also have genetic and other environmental determinants,
but not all the environmental risk factors have been clearly characterized and susceptible genotypes usually have not
been identified. Furthermore, the mechanisms of genetic and environmental interactions involved in disease are not
fully understood. It is evident that dietary patterns are important factors in the etiology of several major chronic
diseases and that dietary modifications can reduce such risks. Nevertheless, for most diseases, it is not yet possible to
provide quantitative estimates of the overall risks and benefits.

Fats, Other Lipids, and High-Fat Diets

The following conclusions derive from the committee's extensive review of the data described in Chapters 6 (Calories),
7 (Fats and Other Lipids), 19 (Atherosclerotic Cardiovascular Diseases), 21 (Obesity and Eating Disorders), 22 (Cancer), and
25 (Hepatobiliary Disease).

General Conclusion

There is clear evidence that the total amounts and types of fats and other lipids in the diet influence the risk of
atherosclerotic cardiovascular diseases and, to a less well-established extent, certain forms of cancer and possibly
obesity. The evidence that the intake of saturated fatty acids and cholesterol are causally related to atherosclerotic
cardiovascular diseases is especially strong and convincing.

Total Fats

In several types of epidemiologic studies, a high-fat intake is associated with increased risk of certain cancers,
especially cancers of the colon, prostate, and breast. The epidemiologic evidence is not totally consistent, but it is
supported by experiments in animals. The combined epidemiologic and laboratory evidence suggests that a reduction
of total fat intake is likely to decrease the risk of these cancers.

High-fat intake is associated with the development of obesity in animals and possibly in humans. In short-term
clinical studies, a marked reduction in the percentage of calories derived from dietary fat has been associated with
weight loss.

Although gallbladder disease is associated with obesity, there is no conclusive evidence that it is associated with fat
intake.

Intake of total fat per se, independent of the relative content of the different types of fatty acids, is not associated with
high blood cholesterol levels and coronary heart disease. A reduction in total fat consumption, however, facilitates
reduction of saturated fatty acid intake; hence, in addition to reducing the risk of certain cancers, and possibly
obesity, it is a rational part of a program aimed at reducing the risk of coronary heart disease.

Saturated Fatty Acids

Clinical, animal, and epidemiologic studies demonstrate that increased intakes of saturated fatty acids (12 to 16
carbon atoms in length) increase the levels of serum total and low-density-lipoprotein (LDL) cholesterol and that
these higher levels in turn lead to atherosclerosis and increase the risk of coronary heart disease. Satu

Copyright © National Academy of Sciences. All rights reserved.
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rated fatty acid intake is the major dietary determinant of the serum total cholesterol and LDL cholesterol levels in
populations and thereby of coronary heart disease risk in populations. Lowering saturated fatty acid intake is likely to
reduce serum total and LDL cholesterol levels and, consequently, coronary heart disease risk.

* The few epidemiologic studies on dietary fat and cancer that have distinguished between the effects of specific types
of fat indicate that higher intakes of saturated fat as well as total fats are associated with a higher incidence of and
mortality from cancers of the colon, prostate, and breast. In general, these findings are supported by data from animal
experiments.

Polyunsaturated Fatty Acids

* Clinical and animal studies provide firm evidence that omega-6 polyunsaturated fatty acids when substituted for
saturated fatty acids result in a lowering of serum total cholesterol and LDL cholesterol and usually also some
lowering of high-density-lipoprotein (HDL) cholesterol levels.

« Laboratory studies in rodents suggest that diets with high levels of vegetable oils containing omega-6 polyunsaturated
fatty acids promote certain cancers more effectively than diets with high levels of saturated fats, whereas there is
some evidence that diets with a high content of omega-3 polyunsaturated fatty acids may inhibit these same cancers.
However, these findings are not supported by the limited number of epidemiologic studies that have distinguished
between the effects of different types of fat. There are no human diets that naturally have very high levels of total
polyunsaturated fatty acids, and there is no information about the long-term consequences of high polyunsaturated
fatty acid intakes.

+ Fish oils containing large amounts of omega-3 polyunsaturated fatty acids reduce plasma triglyceride levels and
increase blood clotting time. Their effects on LDL cholesterol vary, and data on the long-term health effects of large
doses of omega-3 polyunsaturated fatty acids are limited. Limited epidemiologic data suggest that consumption of
one or two servings of fish per week is associated with a lower coronary heart disease risk, but the evidence is not
sufficient to ascertain whether the association is causal or related to the omega-3 polyunsaturated fatty acid content
of fish.

Monounsaturated Fatty Acids

* Clinical studies indicate that substitution of monounsaturated for saturated fatty acids results in a reduction of serum
total cholesterol and LDL cholesterol without a reduction in HDL cholesterol.

Dietary Cholesterol

+ Clinical, animal, and epidemiologic studies indicate that dietary cholesterol raises serum total cholesterol and LDL
cholesterol levels and increases the risk of atherosclerosis and coronary heart disease. There is substantial inter- and
intra-individual variability in this response. High dietary cholesterol clearly seems to contribute to the development
of atherosclerosis and increased coronary heart disease risk in the population.

Trans Fatty Acids

+ Clinical studies indicate that trans fatty acids and their cis isomers have similar effects on plasma lipids. Animal
studies do not indicate that trans fatty acids have a greater tumor-promoting effect than their cis isomers.

Carbohydrates, Vegetables, Fruits, Grains, Legumes, and Cereals and Their Constituents

The committee's conclusions on carbohydrates and foods containing complex carbohydrates—i.e., vegetables, fruits,
grains, legumes, and cereal products—derive from a review of direct and indirect evidence throughout the report, especially
in Chapters 9 (Carbohydrates), 10 (Dietary Fiber), 11 (Fat-Soluble Vitamins), 12 (Water-Soluble Vitamins), and 22 (Cancer).

« Diets high in plant foods—i.e., fruits, vegetables, legumes, and whole-grain cereals—are associated with a lower
occurrence of coronary heart disease and cancers of the lung, colon, esophagus, and stomach. Although the
mechanisms underlying these effects are not fully understood, the inverse association with coronary heart disease
may be largely explained by the usually low saturated fatty acid and cholesterol content of such diets. Such diets are
also low in total fat, which is directly associated with the risk of certain cancers, but rich in complex carbohydrates
(starches and fiber) and certain vitamins, minerals, trace elements, and nonnutritive constituents, and these factors
probably also confer protection against certain cancers and coronary heart disease.

+ Compared to nonvegetarians, complete vegetarians and lacto-ovovegetarians have lower serum levels of total and
LDL cholesterol and triglycerides. These lower levels may be the combined

Copyright © National Academy of Sciences. All rights reserved.
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result of lower intakes of saturated fatty acids and total fat and higher intakes of water-soluble fiber (e.g., pectin and
oat bran). In clinical and animal studies, such fiber has been found to produce small reductions in serum total
cholesterol independently of the effect due to fat reduction.

Populations consuming high-carbohydrate diets, which are high in plant foods, have a comparatively lower
prevalence of noninsulin-dependent diabetes mellitus, possibly because of the higher proportion of complex
carbohydrate intake and lower prevalence of obesity—a risk factor for noninsulin-dependent diabetes mellitus. In
clinical studies, such diets have been shown to improve glucose tolerance and insulin sensitivity.

Epidemiologic studies indicate that consumption of carotenoid-rich foods, and possibly serum carotene concentration,
are inversely associated with the risk of lung cancer.

Laboratory studies in animals strongly and consistently indicate that certain retinoids prevent, suppress, or retard the
growth of chemically induced cancers at a number of sites, including the esophagus, pancreas, and colon, but
especially the skin, breast, and bladder. However, most epidemiologic studies do not show an association between
preformed vitamin A and cancer risk or a relationship between plasma retinol level and cancer risk.

Epidemiologic studies suggest that vitamin C-containing foods such as citrus fruits and vegetables may offer
protection against stomach cancer, and animal experiments indicate that vitamin C itself can protect against
nitrosamine-induced stomach cancer. The evidence linking vitamin C or foods containing that vitamin to other cancer
sites is more limited and less consistent.

Some investigators have postulated that several other vitamins (notably vitamin E, folic acid, riboflavin, and vitamin
B;,) may block the initiation or promotion of cancer, but the committee judged the evidence too limited to draw any
conclusions.

Epidemiologic and clinical studies indicate that a diet characterized by high-fiber foods may be associated with a
lower risk of coronary heart disease, colon cancer, diabetes mellitus, diverticulosis, hypertension, or gallstone
formation, but there is no conclusive evidence that it is dietary fiber, rather than the other components of vegetables,
fruits, and cereal products, that reduces the risk of those diseases. Although soluble fibers can decrease serum
cholesterol and glucose levels, and certain insoluble fibers inhibit chemically induced tumorigenesis, it is difficult to
compare the effects of specific dietary fibers tested in the laboratory with the effects of fiber-containing foods or of
other potentially protective substances present in these foods.

Although human and animal studies indicate that all fermentable carbohydrates can cause dental caries, sucrose
appears to be the most cariogenic. The cariogenicity of foods containing fermentable carbohydrates is influenced by
the consistency and texture (e.g., stickiness) of the food as well as by the frequency and sequence of consumption.
Sugar consumption (by those with an adequate diet) has not been established as a risk factor for any chronic disease
other than dental caries in humans.

Protein and High-Protein Diets

Studies of the association of protein and high-protein diets with chronic diseases are reviewed in Chapters 8 (Protein),
13 (Minerals), 19 (Atherosclerotic Cardiovascular Diseases), 22 (Cancer), and 23 (Osteoporosis) and form the basis of the
following major conclusions.

In intercountry correlation studies, diets high in meat—a major source of animal protein—have a strong positive
association with increased atherosclerotic coronary artery disease and certain cancers, notably breast and colon
cancer. Such diets are often characterized by a high content of saturated fatty acids and cholesterol, which probably
accounts for a large part of the association with coronary heart disease, and by a high content of total fat, which is
directly associated with the risk of these cancers. However, these diets also tend to have low levels of plant foods, the
consumption of which is inversely associated in epidemiologic and animal studies with the risk of heart disease and
certain cancers. Total serum cholesterol can be reduced in people with high blood cholesterol by replacing animal
foods in their diet with plant foods.

High protein intake can lead to increased urinary calcium excretion. The impact of this finding on the development of
osteoporosis in the general population is unclear.

The data linking elevated intakes of animal protein to increased risk of hypertension and stroke are weak, and no
plausible mechanisms have been posited for either effect.

Energy

The following conclusions are based on assessment of the roles of energy intake and expenditure

Copyright © National Academy of Sciences. All rights reserved.
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in chronic disease risk as described in Chapters 6 (Calories) and Chapter 21 (Obesity and Eating Disorders).

Positive energy balance can result from increased energy intake, reduced energy expenditure, or both, and over the
long term, can lead to obesity and its associated complications.

Although data from clinical and animal studies demonstrate that overfeeding leads to obesity, increased body weight
in cross-sectional and longitudinal population surveys of adults cannot be accounted for by increased energy intake.
Thus, it is likely that obesity develops in adult life either because of reduced physical activity, or overfeeding, or
both. Obesity is enhanced not only by this energy imbalance but also by a genetic predisposition to obesity and
altered metabolic efficiency.

Epidemiologic studies indicate that increased energy expenditure is inversely associated with the risk of coronary
heart disease.

Epidemiologic and clinical studies and some experiments in animals demonstrate that obesity is associated with an
increased risk of noninsulin-dependent diabetes mellitus, hypertension, gallbladder disease, endometrial cancer, and
osteoarthritis. It may also be associated with a higher risk of coronary heart disease and postmenopausal breast cancer.
Studies in humans suggest that fat deposits in the abdominal region pose a higher risk of noninsulin-dependent
diabetes mellitus, coronary heart disease, stroke, hypertension, and increased mortality than do fat deposits in the
gluteal or femoral regions.

Experience in long-term management of obesity indicates that neither frequent fluctuations in body weight nor
extreme restrictions of food intake are desirable.

Long-term follow-up studies indicate that extreme leanness is associated with increased mortality and that the causes
of mortality are different from those associated with excess weight.

The specific causes of obesity are not well known, although some obese people clearly consume more energy
compared to people of normal weight, whereas others are very sedentary or may have increased metabolic efficiency.
Compared to maintenance of stable weight, weight gain in adult life is associated with a greater risk of
cardiovascular disease, noninsulin-dependent diabetes mellitus, hypertension, gallbladder disease, and endometrial
cancer. Certain risk factors—e.g., high serum cholesterol, elevated serum glucose, and high blood pressure—can be
curtailed by weight reduction in overweight adults.

Alcoholic Beverages

The extensive data on the health effects of alcohol consumption are examined in Chapters 16 (Alcohol), 19
(Atherosclerotic Cardiovascular Diseases), 20 (Hypertension), 22 (Cancer), and 25 (Hepatobiliary Disease). Following are
the committee's major conclusions related to alcohol.

When consumed in excess amounts, alcohol replaces essential nutrients including protein and micronutrients and can
lead to multiple nutrient deficiencies.

Sustained, heavy intake of alcoholic beverages leads to fatty liver, alcoholic hepatitis, and cirrhosis. It also increases
the risk of cancers of the oral cavity, pharynx, esophagus, and larynx, especially in combination with cigarette
smoking, whereupon the effects on cancer risk become synergistic. There is some epidemiologic evidence that
alcohol consumption is also associated with primary liver cancer and that moderate beer drinking is associated with
rectal cancer. The association of alcohol consumption with increased risk of pancreatic or breast cancer is less clear.
Excessive alcohol consumption is associated with an increased incidence of coronary heart disease, hypertension,
stroke, and osteoporosis.

Alcohol consumption during pregnancy can damage the fetus, cause low infant birth weight, and lead to fetal alcohol
syndrome. No safe level of alcohol intake during pregnancy has been determined.

Salt and Related Compounds

The following conclusions derive from the evidence on salt and related compounds and their relation to chronic diseases.
This evidence is reviewed in Chapters 15 (Electrolytes), 20 (Hypertension), and 22 (Cancer).

Blood pressure levels are strongly and positively correlated with the habitual intake of salt. In populations with a
sustained salt intake of 6 g or more per day, blood pressure rises with age and hypertension is frequent, whereas in
populations consuming less than 4.5 g of salt per day, the age-related rise in blood pressure is slight or absent and the
frequency of hypertension is uniformly low. Clinical studies demonstrate that once hypertension is established, it
cannot always be fully

Copyright © National Academy of Sciences. All rights reserved.
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corrected by resumption of a moderately low (<4.5 g/day) salt intake.

Although clinical and epidemiologic studies indicate that some people are more susceptible to salt-induced
hypertension than others, there are no reliable markers to predict individual responses. Epidemiologic evidence
suggests that blacks, people with a family history of hypertension, and all those over age 55 are at a higher risk of
hypertension.

Epidemiologic and animal studies indicate that the risk of stroke-related deaths is inversely related to potassium
intake over the entire range of blood pressures, and the relationship appears to be dose dependent. The combination
of a low-sodium, high-potassium intake is associated with the lowest blood pressure levels and the lowest frequency
of stroke in individuals and populations. Although the effects of reducing sodium intake and increasing potassium
intake would vary and may be small in some individuals, the estimated reduction in stroke-related mortality for the
population is large.

A high salt intake is associated with atrophic gastritis in epidemiologic and animal studies, and there is also
epidemiologic evidence that a high salt intake and frequent consumption of salt-cured and salt-pickled foods are
associated with an elevated incidence of gastric cancer. The specific causative agents in these foods have not been
fully identified.

Minerals and Trace Elements

The conclusions listed below are based on a review of the evidence on calcium, magnesium, trace elements, and chronic
diseases discussed in Chapters 13 (Minerals), 14 (Trace Elements), 20 (Hypertension), 22 (Cancer), and 23 (Osteoporosis).

Epidemiologic, clinical, and animal studies suggest that sustained low calcium intake is associated with a high
frequency of fractures in adults, but the role of dietary calcium in the development of osteoporosis and the potential
benefits of calcium supplements—in amounts that exceed the Recommended Dietary Allowances (RDAs)—in
decreasing the risk of osteoporosis are unclear.

Some epidemiologic studies have shown an association between calcium intake and blood pressure, but a causal
association between low calcium intake and high blood pressure has not been established.

A few data from epidemiologic and animal studies suggest that a high calcium intake may protect against colon
cancer, but the evidence is preliminary and inconclusive.

Unequivocal evidence from epidemiologic and clinical studies indicates that fluoridation of drinking water supplies at
a level of 1 ppm protects against dental caries. Such concentrations are not associated with any known adverse health
effects, including cancer.

Low selenium intake in epidemiologic and animal studies and low selenium levels in human sera have been
associated with an increased risk of several cancers. Moreover, some studies in animals suggest that diets
supplemented with large doses of selenium offer protection against certain cancers. These data should be
extrapolated to humans with caution, however, because high doses of selenium can be toxic.

The data on most trace elements examined in this report (e.g., copper and cadmium) are too limited or weak to permit
any conclusions about their effects on chronic disease risk.

Dietary Supplements

Claims for the health benefits of dietary supplements have drawn substantial attention in recent decades. The committee
has reached the following conclusion on the basis of the evidence reviewed in Chapter 18 (Dietary Supplements).

A large percentage of people in the United States take dietary supplements, but not necessarily because of nutrient
needs. The adverse effects of large doses of certain nutrients (e.g., vitamin A) are well documented. There are no
documented reports that daily multiple vitamin-mineral supplements, equaling no more than the RDA for a particular
nutrient, are either beneficial or harmful for the general population. The potential risks or benefits of the long-term
use of small doses of supplements have not been systematically examined.

Coffee, Tea, and Other Nonnutritive Dietary Components

The following major conclusions pertaining to coffee, tea, and other nonnutritive dietary components are based on a
review of the evidence in Chapter 17 (Coffee, Tea, and Other Nonnutritive Dietary Components).

Coffee consumption has been associated with slight elevations in serum cholesterol in some epidemiologic studies.
Epidemiologic evidence linking coffee consumption to the risk of coronary

Copyright © National Academy of Sciences. All rights reserved.
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heart disease and cancer in humans is weak and inconsistent.

+ Tea drinking has not been associated with an increased risk of any chronic disease in humans.

» The use of such food additives as saccharin, butylated hydroxyanisole, and butylated hydroxytoluene does not appear
to have contributed to the overall risk of cancer in humans. However, this lack of evidence may be due to the
relatively recent use of many of these substances or to the inability of epidemiologic techniques to detect the effects
of additives against the background of common cancers from other causes. The association between food additives
and cancer is also complicated by the long latency period between initial exposure to a carcinogen and the
subsequent development of cancer.

* A number of environmental contaminants (e.g., some organochlorine pesticides, polychlorinated biphenyls, and
polycyclic aromatic hydrocarbons) cause cancer in laboratory animals. The committee found no evidence to suggest
that any of these compounds individually makes a major contribution to the risk of cancer in humans; however, the
risks from simultaneous exposure to several compounds and the potential for adverse effects in occupationally
exposed people have not been adequately investigated.

+ Certain naturally occurring contaminants in food (e.g., aflatoxins and N-nitroso compounds) and nonnutritive
constituents (e.g., hydrazines in mushrooms) are carcinogenic in animals and thus pose a potential risk of cancer in
humans. Naturally occurring compounds shown to be carcinogenic in animals have been found in small amounts in
the average U.S. diet. There is no evidence thus far that any of these substances individually makes a major
contribution to cancer risk in the United States.

* Most mutagens detected in foods have not been adequately tested for carcinogenic activity. Although mutagenic
substances are generally suspected of having carcinogenic potential, it is not yet possible to assess their contribution
to the incidence of cancer in the United States.

* Overall, there is a shortage of data on the complete range of nonnutritive substances in the diet. Thus, no reliable
estimates can be made of the most significant exposures. Exposure to nonnutritive chemicals individually, in the
minute quantities normally present in the average diet, is unlikely to make a major contribution to the overall cancer
risk to humans in the United States. The risk from simultaneous exposure to many such compounds cannot be
quantified on the basis of current evidence.

THE COMMITTEE'S DIETARY RECOMMENDATIONS

The dietary recommendations of the Committee on Diet and Health, given below, are directed to healthy, North
American adults and children. Wherever evidence permits, the committee attempts to identify the special dietary needs of
population subgroups at high risk for specific diseases or with different dietary requirements because of age, sex, or
physiological status. The special dietary needs of the elderly are largely unknown.

As discussed in Chapter 28, the quantities proposed in the committee's recommendations are goals for intake by
individuals. To achieve these goals, the mean intake by the population (the public health goal) would have to be higher or
lower than the recommended intake for individuals, depending on the direction of the proposed dietary modification. For
example, a recommendation that all individuals should reduce their fat intake to 30% or less of calories can be expected to
lead to a population mean intake substantially below 30% of calories from fat. Similarly, a recommendation that individuals
increase their carbohydrate intake to more than 55% of total calories can be expected to lead to a population mean intake
clearly above 55% of calories from carbohydrates. Thus, the guidelines for individuals differ somewhat from the public
health (population) goals, which need to be more stringent in order to achieve the goals for individuals.

The extent to which the public health goal for a nutrient differs from the goal for individuals in the population will
depend on the distribution of intake for that nutrient in the population. In most cases, however, the variation in nutrient
intakes in the population is not well known.

The recommendations in this report are the product of a systematic and extensive analysis of the literature by a
multidisciplinary committee that considered the criteria and the process for arriving at recommendations and documented the
extensive literature on which they are based. They are generally in agreement with the advice provided by other expert panels
in the United States and abroad, although in most cases they include more specific quantitative recommendations. These
recommendations are appropriate for current patterns of dietary intake and disease morbidity and mortality in the United
States and are

Copyright © National Academy of Sciences. All rights reserved.
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based on conclusions regarding the association of dietary factors with the entire spectrum of chronic diseases. They take into
account competing risks for different diseases as well as nutrient interactions. These recommendations should be reexamined
as new knowledge is acquired and as the patterns of morbidity and mortality change over the next decades.

The committee's recommendations are presented in a logical sequence that also reflects a general order of importance.
For example, all dietary macrocomponents are addressed first. Among these, highest priority is given to reducing fat intake,
because the scientific evidence concerning dietary fats and other lipids and human health is strongest and the likely impact on
public health the greatest. Lower priority is given to recommendations on other dietary components, because they are derived
from weaker evidence or because the public health impact is likely to be comparatively less. Where the evidence is strongest,
the committee presents quantitative recommendations. It recognizes that setting specific quantitative goals is somewhat
arbitrary and is based on informed judgment rather than on scientifically derivable formulas; however, quantification
facilitates translation of goals into dietary patterns and food choices. Goals are needed to develop and evaluate programs
aimed at achieving dietary changes and serve as the basis for regulatory actions such as those relating to food labeling and the
validity of health claims for foods and nutrients.

The committee's recommendations derive from an assessment of the evidence on chronic diseases, but should be used in
combination with the RDAs to achieve an optimal and highly desirable dietary pattern for the maintenance of good health. In
the committee's judgment, these recommendations have the potential for a substantial reduction in the risk of diet-related
chronic diseases in the general population.

* Reduce total fat intake to 30% or less of calories. Reduce saturated fatty acid intake to less than 10% of calories, and
the intake of cholesterol to less than 300 mg daily. The intake of fat and cholesterol can be reduced by substituting fish,
poultry without skin, lean meats, and low- or nonfat dairy products for fatty meats and whole-milk dairy products; by
choosing more vegetables, fruits, cereals, and legumes, and by limiting oils, fats, egg volks, and fried and other fatty foods.

A large and convincing body of evidence from studies in humans and laboratory animals shows that diets low in
saturated fatty acids and cholesterol are associated with low risks and rates of atherosclerotic cardiovascular diseases. High-
fat diets are also linked to a high incidence of some types of cancer and, probably, obesity. Thus, reducing total fat and
saturated fatty acid intake is likely to lower the rates of these chronic diseases. Fat intake should be reduced by curtailing the
major sources of dietary fats rather than by eliminating whole categories of foods. For example, by substituting fish, poultry
without skin, lean meats, and low- or nonfat dairy products for high-fat foods, one can lower total fat and saturated fatty acid
intake while ensuring an adequate intake of iron and calcium—two nutrients of special importance to women. Dietary fat can
also be reduced by limiting intake of fried foods, baked goods containing high levels of fat, and spreads and dressings
containing fats and oils.

Different types of fatty acids have different effects on health. Saturated fatty acids and dietary cholesterol tend to
increase total and LDL serum cholesterol and, consequently, the risk of cardiovascular disease. The extent of this activity
differs among saturated fatty acids; palmitic, myristic, and lauric acids have the greatest cholesterol-raising effect. The main
dietary sources of these cholesterol-raising saturated fatty acids are dairy and meat products and some vegetable oils, such as
coconut, palm, and palm-kernel oils. Dietary cholesterol is found mainly in egg yolks, certain shellfish, organ meats, and, to a
lesser extent, in other meats and dairy products. Thus, the intake of these foods should be curtailed.

Monounsaturated fatty acids are found in a variety of foods but are especially abundant in olive oil and canola oil.
Polyunsaturated fatty acids are of two types—omega-6 and omega-3; both are essential nutrients and cannot be synthesized
endogenously. Omega-6 polyunsaturated fatty acids are common in several plant oils, including corn, safflower, soybean, and
sunflower oils. Omega-3 polyunsaturated fatty acids are found in cold-water marine fish (such as salmon and mackerel) and
in some plant oils (e.g., soybean and canola oils). Omega-6 polyunsaturated fatty acids and monounsaturated fatty acids (and
carbohydrates) lower LDL cholesterol when substituted for saturated fatty acids. Omega-3 polyunsaturated fatty acids also
lower LDL-cholesterol when substituted for saturated fatty acids, but they are more effective in lowering elevated serum
triglyceride levels. Although consumption of fish one or more times a week has been associated with a reduced risk of
coronary heart disease, the committee does not

Copyright © National Academy of Sciences. All rights reserved.
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recommend the use of concentrated fish oil supplements, because there is insufficient evidence that they are beneficial and
the absence of long-term adverse effects has not been established.

The evidence linking high-fat diets to increased cancer risk is less persuasive than that associating saturated fatty acids
and dietary cholesterol to coronary heart disease, but the weight of evidence indicates that high-fat diets are associated with a
higher risk of several cancers, especially of the colon, prostate, and breast. Most evidence from studies in humans suggests
that total fat or saturated fatty acids adversely affect cancer risk. No studies in humans have yet examined the benefits of
changing to low-fat diets; however, such evidence exists from experiments in animals. The combined evidence from
epidemiologic and laboratory studies suggests that reduction of total fat is likely to reduce the risk of these cancers.

Epidemiologic data on the possible association of low serum cholesterol levels with an increased incidence of and
mortality from cancer in general or colon cancer in men in particular are inconsistent and do not suggest a causal association.
Rather, they indicate that the lower serum cholesterol levels in some of these studies were in part the consequence of
undetected cancers. The overall evidence indicates that dietary modification to lower serum total cholesterol and coronary
heart disease risk is likely to reduce the risk of colon cancer without increasing the risk of other cancers.

Animal studies also suggest that high-fat diets may lead to obesity, possibly because dietary fat is converted to body fat
more efficiently than are other sources of calories. Short-term clinical studies in humans indicate that a substantial reduction
in fat intake may be accompanied by weight loss; however, reduced caloric intake was observed in some of these reports and
although not specifically noted is likely to have occurred in others. This indicates that a substantial reduction in fat intake
may result in overall caloric reduction, perhaps because of the caloric density of dietary fat. From a public health perspective,
this phenomenon may be important, regardless of whether fat reduction per se results in weight loss or whether weight loss
results from an overall reduction in caloric intake.

In the committee's judgment, concerns that reduced fat intake may curtail intake of meats and dairy products and thus
limit intakes of iron and calcium by women and children or that young children on reduced-fat diets might not obtain
adequate calories to support optimal growth and development are not justified. Fat intake can be reduced to approximately
30% of calories without risk of nutrient deficiency, and this level of fat intake after infancy has not been associated with any
detrimental effects. Furthermore, adequate caloric intake can readily be maintained in children on diets containing 30% of
calories from fat.

Although the committee recommends that the total fat intake of individuals be 30% or less of calories, there is evidence
that further reduction in fat intake may confer even greater health benefits. However, the recommended levels are more likely
to be adopted by the public because they can be achieved without drastic changes in usual dietary patterns and without undue
risk of nutrient deficiency. Furthermore, they permit gradual adaptation to lower-fat diets as more lower-fat foods become
available on the market. The committee recommends that people who should not lose weight should compensate for the
caloric loss resulting from decreased fat intake by consuming greater amounts of foods containing complex carbohydrates
(e.g., vegetables, certain fruits, legumes, and whole-grain cereal products).

Although the committee recommends that saturated fatty acid intake be maintained at less than 10% of total calories by
individuals, it is highly likely that further reduction, to 8 or 7% of calories or lower, would confer greater health benefits.
Such further reductions can best be achieved by substituting additional complex carbohydrates and monounsaturated for
saturated fatty acids in the diet. Larger reductions in cholesterol intakes—e.g., to 250 or 200 mg or even less per day—may
also confer health benefits.

The committee recommends that the polyunsaturated fatty acid intake of individuals not exceed 10% of total calories
and that polyunsaturated fatty acid intake in the population be maintained at current levels in the U.S. diet, i.e., an average of
approximately 7% of total calories. (The requirement for omega-6 polyunsaturated fatty acids can be met by 1 to 2% of
calories as linoleic acid.) Concern that an increase in polyunsaturated fatty acid intake may increase risk of certain cancers
derives primarily from studies of animals on very-high-polyunsaturated fatty acid diets. Given the absence of human diets
naturally very high in total polyunsaturated fatty acids and the lack of information about the long-term consequences of high
polyunsaturated fatty acid intake (see Chapter 7), it seems prudent to recommend that polyunsaturated fatty acid intake not be
increased above the current average in the U.S. population. However, since most of the polyunsaturated fatty acids in the

Copyright © National Academy of Sciences. All rights reserved.
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current U.S. diet are of the omega-6 rather than the omega-3 type, and since the committee's recommendation is directed
mainly at omega-6 polyunsaturated fatty acids, any increase in total polyunsaturated fatty acid resulting from an increase in
foods containing omega-3 polyunsaturated fatty acids (e.g., by eating more fish containing such fatty acids) is reasonable.

* Every day eat five or more servings * of a combination of vegetables and fruits, especially green and yellow
vegetables and citrus fruits. Also, increase intake of starches and other complex carbohydrates by eating six or more daily
servings of a combination of breads, cereals, and legumes.

The committee recommends that the intake of carbohydrates be increased to more than 55% of total calories by
increasing primarily complex carbohydrates. Fats and carbohydrates are the two major sources of calories in the diet.
National food consumption surveys indicate that the content of the average U.S. diet is high in fat and low in complex
carbohydrates (e.g., starches, vegetables, legumes, breads, cereals, and certain fruits). Green and yellow vegetables; fruits,
especially citrus fruits; legumes; and whole-grain cereals and breads, which constitute a small portion of the present U.S. diet,
generally contain low levels of fat; thus, they are good substitutes for fatty foods and good sources of several vitamins,
minerals, complex carbohydrates, and dietary fiber. The recommended number of servings is derived from experience in
planning nutritionally balanced diets that would meet the committee's dietary recommendations. The amounts recommended
would facilitate an increase in the total carbohydrate and complex carbohydrate content of the diet, make up for the caloric
deficit due to fat reduction, and supply sufficient quantities of essential vitamins and minerals. The committee does not
recommend increasing the intake of added sugars, because their consumption is strongly associated with dental caries, and,
although they are a source of calories for those who may need additional calories, they provide no nutrients. Furthermore,
foods high in added sugars (e.g., desserts and baked goods) are generally also high in fat.

Studies in various parts of the world indicate that people who habitually consume a diet high in plant foods have low
risks of atherosclerotic cardiovascular diseases, probably largely because such diets are usually low in animal fat and
cholesterol, both of which are established risk factors for atherosclerotic cardiovascular diseases. Some constituents of plant
foods, e.g., soluble fiber and vegetable protein, may also contribute—to a lesser extent—to the lower risk of atherosclerotic
cardiovascular diseases. The mechanism for the link between frequent consumption of vegetables and fruits, especially green
and yellow vegetables and citrus fruits, and decreased susceptibility to cancers of the lung, stomach, and large intestine is not
well understood because the responsible agents in these foods and the mechanisms for their protective effect have not been
fully determined. However, there is strong evidence that a low intake of carotenoids, which are present in green and yellow
vegetables, contributes to an increased risk of lung cancer. Fruits and vegetables also contain high levels of fiber, but there is
no conclusive evidence that the dietary fiber itself, rather than other nutritive and nonnutritive components of these foods,
exerts a protective effect against these cancers. The committee does not recommend the use of fiber supplements.

Vegetables and fruits are also good sources of potassium. A diet containing approximately 75 mEq of potassium (i.e.,
approximately 3.5 g of elemental potassium) daily may contribute to reduced risk of stroke, which is especially common
among blacks and older people of all races. Potassium supplements are neither necessary nor recommended for the general
population.

* Maintain protein intake at moderate levels.

Protein is an essential nutrient, and protein-containing foods are important sources of essential amino acids in the diet.
However, because there are no known benefits and possibly some risks in consuming diets with a high animal protein
content, the committee recommends that protein intake not be increased to compensate for the caloric loss that would result
from the recommended reduction in fat intake. In general, average protein intake by adults in the United States considerably
exceeds the RDA, which is 0.8 g/kg of desirable body weight for adults. The committee recommends maintaining total
protein intake at levels lower than twice the RDA for all age groups (e.g., less than 1.6 g/kg body weight for adults).

Increased risks of certain cancers and coronary heart disease have been associated in some epidemiologic studies with
diets high in meat and, as a

* An average serving is equal to a half cup for most fresh or cooked vegetables, fruits, dry or cooked cereals and legumes,
one medium piece of fresh fruit, one slice of bread, or one roll or muffin.

Copyright © National Academy of Sciences. All rights reserved.
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consequence, in animal protein, and with high protein intake alone in laboratory studies. It is not known whether these
adverse effects are due solely to the usually high total-fat, saturated fatty acid, and cholesterol content of diets that are rich in
meat or animal protein, or to what extent protein per se or other factors also contribute. High protein intake may also lead to
increased urinary calcium loss.

The committee is aware of concerns among some scientists that animal protein restriction might curtail the ability of
some population subgroups with habitually lower protein intakes (e.g., women and the elderly) to meet the RDA for certain
other essential nutrients such as iron. However, the recommendation to maintain intake below twice the RDA for all age
groups would require no reduction of current average intakes in the United States. The committee does not recommend
against eating meat; rather, it recommends consuming lean meat in smaller and fewer portions than is customary in the
United States.

* Balance food intake and physical activity to maintain appropriate body weight.

Excess weight is associated with an increased risk of several chronic disorders, including noninsulin-dependent diabetes
mellitus, hypertension, coronary heart disease, gallbladder disease, osteoarthritis, and endometrial cancer. The risks appear to
decline following a sustained reduction in weight. Increased abdominal fat carries a higher risk for these disorders than do
comparable fat deposits in the hips and thighs. New standards for healthy body composition take into account such
differences in regional body fat distribution as well as weight-to-height ratios. Neither large fluctuations in body weight nor
extreme restrictions in food intake are desirable.

In the U.S. population and other westernized societies, body weight and body mass index are increasing while the
overall caloric intake of the population is decreasing. These trends as well as the association of moderate, regular physical
activity with reduced risks of heart disease lead to the committee's recommendation that the U.S. population increase its
physical activity level and that all healthy people maintain physical activity at a moderately active level, improve physical
fitness, and moderate their food intake to maintain appropriate body weight. For adult men and women of normal weight, this
will also allow the ingestion of adequate calories to meet all known nutrient needs. Overweight people should increase their
physical activity and reduce their caloric intake, and people with a family history of obesity should avoid calorically dense
foods and select low-fat foods.

* The committee does not recommend alcohol consumption. For those who drink alcoholic beverages, the committee
recommends limiting consumption to the equivalent of less than 1 ounce of pure alcohol in a single day. This is the equivalent
of two cans of beer, two small glasses of wine, or two average cocktails. Pregnant women should avoid alcoholic beverages.

Excessive alcohol drinking increases the risk of heart disease, high blood pressure, chronic liver disease, some forms of
cancer, neurological diseases, nutritional deficiencies, and many other disorders. Even moderate drinking carries some risk in
circumstances that require neuromotor coordination and judgment, e.g., driving vehicles, working around machinery, and
piloting airplanes or boats. Consumption of even small amounts of alcohol can lead to dependence. Approximately 10% of
those who consume alcoholic beverages in the United States are alcoholics. Pregnant women and women who are attempting
to conceive should avoid alcoholic beverages because there is a risk of damage to the fetus and no safe level of alcohol intake
during pregnancy has been established.

Although several studies show that moderate alcohol drinking is associated with a lower coronary heart disease risk, it
would be unwise to recommend moderate drinking for those who do not drink because, in the committee's judgment, a causal
association has not been established and because even moderate drinking poses certain other risks, including the risk of
alcohol addiction.

o Limit total daily intake of salt (sodium chloride) to 6 g or less. Limit the use of salt in cooking and avoid adding it to
food at the table. Salty, highly processed salty, salt-preserved, and salt-pickled foods should be consumed sparingly.

Studies in human populations in different parts of the world show that a diet containing more than 6 g of salt per day is
associated with elevated blood pressure, and many Americans habitually exceed this level. It is probable that susceptibility to
salt-induced hypertension (salt sensitivity) is genetically determined, but no reliable genetic marker has yet been identified.
Thus, those who are most susceptible to developing salt-induced hypertension, and therefore likely to benefit most from this
recommendation, cannot yet be identified. In salt-sensitive people, the recommended level of salt intake is unlikely to
contribute to

Copyright © National Academy of Sciences. All rights reserved.
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blood pressure elevation and may even lead to blood pressure reduction. In the general population, the recommended level
will have no detrimental effect. The committee is aware that a greater reduction in salt intake (i.e., to 4.5 g or less) would
probably confer greater health benefits than its present recommendation, but chose 6 g as an initial goal that can be achieved
more readily. This does not preclude a subsequent recommendation for further reduction.

The evidence linking salt intake per se to stomach cancer is less persuasive than that for salt and hypertension. There is
consistent evidence, however, that frequent consumption of salt-preserved or salt-pickled foods increases the risk of stomach
cancer. The specific causative agents in those foods have not been identified.

* Maintain adequate calcium intake.

Calcium is an essential nutrient; it is necessary for adequate growth and skeletal development. Certain segments of the
population, especially women, because of their low caloric intake, and adolescents, because of their higher nutrient
requirements, need to make careful food choices to obtain adequate calcium from the food supply. The committee
recommends consumption of low- or nonfat dairy products and dark-green vegetables, which are rich sources of calcium and
can assist in maintaining calcium intake at approximately RDA levels. Although low calcium intake is associated with a
higher frequency of fractures and possibly with high blood pressure, the potential benefits of calcium intakes above the RDAs
to prevent osteoporosis or hypertension are not well documented and do not justify the use of calcium supplements.

* Avoid taking dietary supplements in excess of the RDA in any one day.

A large percentage of the U.S. population consumes some vitamin or mineral supplement daily. The supplements are
often self-prescribed and not based on known nutrient deficiencies. It is not known what, if any, benefits or risks accrue to
individuals or the general population from taking small doses of supplements. Some population subgroups (e.g., those
suffering from malabsorption syndromes) may require supplements, but they should take them only under professional
supervision. A single daily dose of a multiple vitamin-mineral supplement containing 100% of the RDA is not known to be
harmful or beneficial; however, vitamin-mineral supplements that exceed the RDA and other supplements (such as protein
powders, single amino acids, fiber, and lecithin) not only have no known health benefits for the population but their use may
be detrimental to health. The desirable way for the general public to obtain recommended levels of nutrients is by eating a
variety of foods.

Thus, the committee supports the general scientific opinion and the opinions of several other expert panels that have
recently commented specifically on supplement use. It emphasizes, however, that the long-term health effects (risks and
benefits) of supplements have not been adequately studied.

* Maintain an optimal intake of fluoride, particularly during the years of primary and secondary tooth formation and
growth.

There is convincing evidence that consumption of optimally fluoridated water (i.e., 0.7 to 1.2 ppm fluoride, depending
on ambient temperature) significantly reduces the risk of dental caries in people of all ages, especially in children during the
years of primary and secondary tooth formation and growth. There is no evidence that such fluoride concentrations have any
adverse effects on health, including cancer risk. In the absence of optimally fluoridated water, the committee supports the use
of dietary fluoride supplements in the amounts generally recommended by the American Dental Association, the American
Academy of Pediatrics, and the American Academy of Pediatric Dentistry.

IMPLICATIONS OF RECOMMENDATIONS FOR FOOD CHOICES

What do the committee's recommendations imply with regard to selection of foods and food groups? To some extent,
this issue is addressed under each recommendation. Therefore, only a synthesis is provided here. Principles of food selection
will also be explained in more detail in the committee's forthcoming report to the general public.

In summary, the diet recommended by the committee should contain moderately low levels of fat, with special emphasis
on restriction of saturated fatty acids and cholesterol; high levels of complex carbohydrates; only moderate levels of protein,
especially animal protein; and only low levels of added sugars. Caloric intake and physical activity should be balanced to
maintain appropriate body weight. The recommendation to maintain total fat intake at or below 30% of total caloric

Copyright © National Academy of Sciences. All rights reserved.
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intake and saturated fatty acid intake at less than 10%, combined with the recommendation to maintain protein intake only at
moderate levels, means that for most North Americans it will be necessary to select leaner cuts of meat, trim off excess fat,
remove skin from poultry, and consume fewer and smaller portions of meat and poultry. Fish and many shellfish are excellent
sources of low-fat protein. By using plant products (e.g., cereals and legumes) instead of animal products as sources of
protein, one can also reduce the amount of saturated fatty acids and cholesterol in the diet.

Dairy products are an important source of calcium and protein, but whole milk, whole-milk cheeses, yogurt, ice cream,
and other milk products are also high in saturated fatty acids. Therefore, low-fat or skim milk products should be substituted.
Furthermore, it is desirable to change from butter to margarine with a low saturated fatty acid content, to use less oils and fats
in cooking and in salad dressings, and to avoid fried foods.

For most people, the recommended restriction of fat intake, coupled with the recommendation for moderation in protein
intake, implies an increase in calories from carbohydrates. These calories should come from an increased intake of whole-
grain cereals and breads rather than from foods or drinks containing added sugars. For example, bakery goods, such as pies,
pastries, and cookies, although they provide complex carbohydrates also tend to contain high levels of total fat, saturated fatty
acids, and added sugars, all of which need to be curtailed to meet the committee's recommendations.

In general, vegetables and fruits are unlikely to contribute substantially to caloric intake but are major sources of
vitamins, minerals, and dietary fiber. The committee places special emphasis on increasing consumption of green and yellow
vegetables as well as citrus fruits, particularly since their consumption in North America is relatively low. The committee's
recommendations would lead to a substantial increase in consumption frequency and portion sizes, especially of vegetables,
for the average person. Thorough washing of fresh vegetables (especially leafy ones) and fruits will minimize the
consumption of pesticide residues in the diet.

The need for restriction of certain dietary components—such as egg yolks; salt; salty, smoked, and preserved foods; and
alcoholic beverages—is clearly explained in the recommendations. Further considerations include methods of preparation,
cooking, and processing, which can have important effects on the composition of foods. The committee emphasizes the need
to read the labels on prepared, formulated, and other processed foods to identify their contribution of nutrients in general and
of salt, fats and cholesterol, and sugars in particular. With regard to the risk of chronic diseases, maximum benefit can be
attained and any unknown, potentially harmful effects of dietary constituents minimized by selecting a variety of foods from
each food group, avoiding excessive caloric intake (especially excessive intake of any one item or food group), and engaging
regularly in moderate physical exercise.

IMPACT ON PUBLIC HEALTH: BENEFITS AND RISKS OF DIETARY MODIFICATION

The committee used several approaches and lines of evidence to assess potential adverse consequences of its dietary
recommendations for the general population (see Chapter 28). For example, it examined the degree of concordance in death
rates and mortality trends between the two leading diet-related causes of death—i.e., coronary heart disease and cancer—to
assess the degree to which common dietary risk and protective factors may be operating. It also analyzed the possible adverse
consequences of reducing the intake of total fat, saturated fatty acids, and cholesterol, which would lead to a reduction in
serum cholesterol levels and in the risk of atherosclerotic cardiovascular disease.

In some studies, low serum cholesterol is associated with increased colon cancer mortality. However, this finding is
inconsistent and the data do not suggest that lowering serum cholesterol by dietary modification would increase the risk of
any cancer. Furthermore, the committee considered the effect of reducing total serum cholesterol on increasing risk of
hemorrhagic stroke in hypertensives; the possible adverse effects of increased intakes of polyunsaturated fatty acids,
carbohydrates, vegetables, and carotene and of moderate intakes of alcohol (as opposed to total avoidance); the effect of
potential increases in exposure to pesticides; and the potential for nutrient deficiencies or toxicity among population
subgroups (see Chapter 28). It concluded that despite using the worst-case hypothetical scenarios, the benefits of dietary
modification far outweigh the potential for adverse effects, which is minimal if any, as summarized below.

The lines of evidence examined in Chapter 28 indicate that risk factors and protective character

Copyright © National Academy of Sciences. All rights reserved.
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istics for the major diet-related chronic diseases and causes of death are concordant. In general, dietary intervention to reduce
the risk of one disease (e.g., coronary heart disease) is also likely to reduce the risk of other diseases (e.g., several cancers).

Central to the committee's deliberations was the extent to which the overall risk of chronic diseases in the general U.S.
population might be reduced by dietary modification. Because the role of dietary factors in the etiology of chronic diseases
differs by factor and disease (see Major Conclusions), the impact of dietary modification on the risk of different diseases is
likely to vary considerably.

As discussed in Chapter 28, the committee used several approaches in developing quantitative estimates of the potential
public health impact if its dietary recommendations were to be fully adopted by the public. It recognized at the outset that the
accuracy of such estimates is determined by the strength, consistency, and congruence of the evidence from a variety of
sources, especially from extensive, long-term observations and dietary interventions in human populations, which provide the
most reliable estimates of association. The best of these data pertain to serum cholesterol levels and the risk of coronary heart
disease; those on dietary factors as they relate to coronary heart disease, cancer, and other major causes of mortality are not as
extensive.

Estimates of the reduction of coronary heart disease risk in human populations can be derived by extrapolating the
effects of a downward shift in average serum cholesterol levels, by comparing coronary heart disease risk in populations with
greatly different saturated fatty acid or total fat intakes or wide ranges in mean serum cholesterol levels, or by examining the
results of serum-cholesterol-lowering trials on cardiovascular disease incidence. The many drawbacks to these approaches are
explained in Chapter 28. In general, however, by using these approaches, the committee estimates that its recommendations
for reducing intake of saturated fatty acids, dietary cholesterol, and total fat could lead to at least a 10% reduction in serum
cholesterol levels and a 20% reduction in coronary heart disease risk in the United States beyond the 1987 levels. More
stringent dietary modification provides the potential for even greater reduction in coronary disease risk in the future. This
underestimates the potential benefits of dietary modification because it only focuses on certain lipids and does not take into
account the potential benefits of reductions in body weight and blood pressure in the population.

The picture is less clear for the risk of cancer and other chronic diseases. Some epidemiologists estimate that as much as
90% of all cancer in humans can be attributed to various environmental factors, including diet. Others attribute 30 to 40% of
cancers in men and 60% of cancers in women to diet. Still others have estimated that 10 to 70% of the deaths from cancer
could be prevented by dietary modifications, especially for cancers of the stomach, the large bowel, and to a lesser extent, the
breast, the endometrium, and the lung.

The conclusions of the Committee on Diet and Health are in general agreement with those of the National Research
Council's Committee on Diet, Nutrition, and Cancer, which in 1982 concluded that cancers of most major sites are influenced
by dietary patterns. The data are not sufficient, however, to quantify the contribution of diet to the overall cancer risk or to
determine the quantitative reduction in risk that might be achieved by dietary modifications. The committee notes that several
countries with dietary patterns similar to those recommended in this report have about half the U.S. rates for diet-associated
cancers. This suggests that the committee's dietary recommendations could have a substantial impact on reducing the risk of
cancer in the United States.

For the other chronic diseases and conditions considered in this report (i.e., hypertension, obesity, osteoporosis, diabetes
mellitus, hepatobiliary disease, and to a lesser extent, dental caries), the magnitude of risk reduction expected through full
implementation of the committee's guidelines on diet and health cannot be reliably estimated at this time due to limitations in
the data. Nevertheless, on the basis of its overall assessment of the data, the committee concludes that implementation of its
dietary recommendations through readily available natural diets is likely to greatly reduce the overall risk of these chronic
diseases without discernibly increasing the risk of any cause of death or disability.

In Chapter 28, the committee categorizes dietary factors according to the strength of the evidence and relates each to the
risk of chronic diseases and the potential public health benefit of dietary modification. In the committee's judgment,
modification of the total diet along the lines recommended in this report is necessary to achieve the maximum public health
benefit; and among dietary factors, reduced intakes of total fat, satu

Copyright © National Academy of Sciences. All rights reserved.
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rated fatty acids, and cholesterol are likely to have the greatest impact.

IMPLEMENTATION OF DIETARY RECOMMENDATIONS

What strategies are needed to implement the committee's dietary recommendations, and what are their implications for
different sectors of society? These issues are the subject of a separate study by the Food and Nutrition Board. Therefore, they
only receive brief consideration below and in Chapter 28 of this report.

It is apparent to the committee and the Food and Nutrition Board that if one of our national goals is to reduce the risk of
chronic diseases and if dietary modification is likely to assist in achieving that goal, then various sectors of society need to
collaborate in implementing dietary recommendations of the type proposed by the committee. The committee is aware that
many nutrition programs and regulatory actions that are already in place or under way under the auspices of government
agencies and in the private sector are consistent with implementing the proposed recommendations. Nevertheless, it wishes to
draw special attention to the following general issues.

A concerted effort will be needed to make the changes in the food supply and in nutrition policy and programs that will
be required to increase the availability of low-fat and low-salt foods in supermarkets and in public eating facilities such as
school cafeterias and restaurants. Consideration needs to be given to the most effective means of achieving such
modification: through technological changes, massive public education efforts, legislative measures such as food labeling, or
a combination of such strategies. Although the committee's report to the public, which will be issued in the near future, will
explain its major conclusions and recommendations in lay terms, leaders in government agencies, the health professions, the
food industry, and the mass media face the challenge of interpreting the committee's nine recommendations for the general
public as well as for high-risk groups. They will need to convey in practical terms the concept of certainty or uncertainty of
benefit, competing risks, dietary interactions, and target populations. There is a need to develop adequate educational tools
and to identify the best means of educating and motivating the public. Health professionals, government agencies, and the
industry must also undertake additional research to identify ways of effecting dietary change.

In the committee's judgment, it is feasible to implement the proposed recommendations within the framework of the
average lifestyle in the United States, and the committee is encouraged by the knowledge that dietary habits in this country
have already changed markedly in many ways that are consistent with these recommendations. To convey a full
understanding of these recommendations to the public and to implement them will require close collaboration among
government agencies, the food industry, health professionals (physicians, nutritionists, dietitians, and public health
personnel), educational institutions, leaders in mass media, and the general public.

RESEARCH DIRECTIONS

Fundamental scientific discoveries generally occur in completely unexpected ways. Thus it is impossible to predict
where the major discoveries will be made or which research directions will prove to be the most fruitful. Therefore, the
committee does not wish to stifle creativity by specifying experimental protocols or directing research. Nevertheless, it is
possible and desirable to propose a scheme for organizing research to seek more definitive data on the associations between
diet and chronic diseases. The committee's conclusions and dietary recommendations reflect its assessment of current
knowledge and actions justified now; they can be made more definitive only through additional research of the kind
recommended in this section.

The seven categories of research proposed below are not presented in order of priority. Rather, taken together, they
reflect a conceptual framework for interdisciplinary collaborative research that encompasses different kinds of investigations:
short- and long-term experiments in vitro and in vivo, food consumption surveys, food composition analyses, descriptive and
analytical epidemiologic studies, metabolic studies and clinical trials in humans, and social and behavioral research. More
detailed and specific research recommendations are summarized in Chapter 28 and presented in Chapters 4 and 6 through 26.

* Identification of foods and dietary components that alter the risk of chronic diseases and elucidation of their
mechanisms of action.

Much needed research falls in this category. Many dietary constituents are already known to play a role in the etiology
of chronic diseases, but additional and more specific knowledge, especially

Copyright © National Academy of Sciences. All rights reserved.
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concerning mechanisms of action, will lead to more definitive conclusions and provide more precise guidance about ways to
reduce the risk of different chronic diseases.

» Improvement of the methodology for collecting and assessing data on the exposure of humans to foods and dietary
constituents that may alter the risk of chronic diseases.

Methodological shortcomings inhibit the interpretation and analysis of data and often prevent the derivation of precise
conclusions about the association of diet and chronic diseases. Thus, the committee recommends that high priority be given to
development of better methods for data collection, quantification of dietary exposures and effects, and data analysis.

* Identification of markers of exposure and early indicators of the risk of various chronic diseases.

This category of research is designated for two purposes: first, to circumvent the shortcomings of using the disease itself
as the sole end point—i.e., because of the long latency period of many chronic diseases evidenced by the delay between
dietary exposure and disease expression; and second, to circumvent problems due to exposure misclassification when dietary
recall methods are used. In the committee's judgment, there is a pressing need to identify biochemical/biological markers of
dietary exposure, early biological markers that can forecast the emergence of clinical disease, and genetic markers that can
identify high-risk subgroups in the population. In addition, the committee proposes greater use of the techniques of molecular
biology to study gene-nutrient interactions that can help characterize individual variability in nutrient requirements and
response to various chronic diseases.

* Quantification of the adverse and beneficial effects of diet and determination of the optimal ranges of intake of dietary
macro- and micro-constituents that affect the risk of chronic diseases.

Although most dietary constituents are known to have some effect on the risk of certain chronic diseases, much less is
known about the magnitude of this effect. The committee believes that there is a strong need to quantify these effects in order
to estimate the contribution of diet to the risk of chronic diseases. These efforts should include a study of nutrient
interactions, competing risks, and dose-response relationships. The ultimate aim of such research should be to determine the
optimal ranges of intake of various dietary components for health maintenance, keeping in mind the desirability of identifying
their effects and the shape of the dose-response curve.

* Through intervention studies, assessment of the potential for chronic disease risk reduction.

Carefully designed intervention studies should be conducted to assess the public health impact of dietary modification.
Although many such studies have been conducted for heart disease, hypertension, dental caries, and obesity, and a few have
focused on osteoporosis, no such long-term studies have yet been completed for cancer. The committee has considered
whether priority should be given to additional large-scale trials or whether current knowledge is sufficient to undertake
dietary interventions in the population and subsequently to assess their effectiveness by carefully monitoring trends in disease
incidence and mortality. Intervention trials should be undertaken only when a substantial body of data indicates a high
likelihood of benefit without discernible risk. Such trials might be warranted to obtain more definitive data, especially
because the kinds of diets tested in such trials might yield data about potential benefits of dietary intervention to
simultaneously reduce the risk of multiple chronic diseases, but they should not be used as a basis for delaying prudent
dietary modifications warranted by current knowledge. Any intervention studies should be accompanied by effective
monitoring to assess disease incidence, prevalence, and mortality rates.

* Application of knowledge about diet and chronic diseases to public health programs.

Social and behavioral research should be undertaken to achieve a better understanding of factors that motivate people to
modify their food habits. This knowledge is indispensable for designing effective public health programs to reduce the risk of
chronic diseases. Furthermore, improved technologies are needed to increase the availability of foods that conform to the
committee's dietary recommendations.

* Expansion of basic research in molecular and cellular nutrition.

The six categories described above focus on research to enhance knowledge of the interrelationship among dietary
factors, chronic diseases, and health, and this research includes an understanding of the underlying mechanisms. The
committee wishes to emphasize the need for such

Copyright © National Academy of Sciences. All rights reserved.
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fundamental research to advance our knowledge of basic cellular and molecular mechanisms. Research in disciplines ranging
from the physical sciences, to biochemistry, physiology, applied biology, nutrition, medicine, epidemiology, biophysics,
cellular and molecular biology, and genetics is needed to fill the gaps in our understanding of how dietary, environmental,
and genetic factors interact to influence the risk of chronic diseases.

The committee hopes that the findings contained in this report will be as widely disseminated as possible and urges that
all those with an interest in and responsibility for public health participate in this effort. Recognizing the limitations of current
knowledge, it strongly believes that periodic updates of its findings will be necessary as new data emerge to shed more light
on associations between diet and chronic diseases.

Copyright © National Academy of Sciences. All rights reserved.
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. —

Methodological Considerations in Evaluating the Evidence

Many factors affect the validity of scientific data on the effects of diet on human health. The most straightforward way
to study such relationships is to select a group of subjects, collect relevant data on dietary intake and health indications for
each person in the group, and attempt to determine causal relations between the two based on clues from such other sources
as feeding studies in animals. This direct approach is rarely possible because of limitations in our ability to accurately
quantify dietary intake and because of the many unknowns about the direct effect of diet on health and chronic diseases
relative to the effects of other environmental and genetic variables. Thus, indirect approaches are commonly required. The
first part of this chapter addresses various approaches to the assessment of dietary intake by humans. The second part deals
with the evaluation of all types of single studies relevant to assessing the impact of dietary intake on health. In the third part
of the chapter, the committee considers criteria for drawing inferences about causality from the evidence as a whole.

ASSESSMENT OF DIETARY INTAKE OF HUMANS

Methods for Assessing Dietary Intake

A major impediment in studying the effects of diet on health is the difficulty of assessing dietary intake of humans
(Bazzarre and Myers, 1980; Bingham, 1987; Block, 1982; Burk and Pao, 1976; Dwyer, 1988; Marr, 1971; Medlin and
Skinner, 1988; Pekkarinen, 1970; Sorenson, 1982; Young and Trulson, 1960). Each of the assessment methods in use has its
weaknesses. The choice of method depends on whether the assessment pertains to the average intake of a group or to the
habitual intakes of individuals within a group, the level of detail (e.g., food groups, foods, or nutrients) desired, and the
degree of precision needed in determining amounts of foods consumed. Additional considerations include the costs, burden
on respondents, and availability of critical resources such as trained interviewers and accurate food composition tables. The
chosen dietary intake assessment method must be tested to ensure its accuracy and reliability in the study population, and
adequate training of personnel involved in collecting and analyzing data is essential. In certain circumstances, dietary survey
methods can be combined to improve accuracy (Dwyer, 1988). Methods commonly used in epidemiologic research to assess
dietary intake are discussed below, along with their advantages, disadvantages, and problems of validation.

Group Dietary Data

In most nations, average dietary intake is estimated from national food supply data or from

Copyright © National Academy of Sciences. All rights reserved.
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national surveys of food intake by households or individuals. Food supply is estimated by adding the quantity of food
imported to the quantity produced within a country and then subtracting the sum of food exported, destroyed by pests during
storage, and put to nonfood use (e.g., in the production of industrial alcohol). The final figure is divided by the total
population to obtain the average per-capita food availability. The results are estimates of foods that disappear into wholesale
and retail markets; they fail to account for food wasted before consumption, food fed to pets, and home-grown foods (when
the latter is not included in production data). Nutrients available in the food supply are usually estimated from standard food
composition tables.

Data on per-capita food availability provide useful leads for further research on the relationship of diet to disease,
because they enable investigators to compare rates of chronic diseases among countries with marked differences in mortality
rates from chronic diseases and in the availability of specific nutrients in their food supply. These cross-sectional
comparisons do not control for confounding factors, nor can they be used to show associations between diet and disease in
individuals. The food supply in the United States has been monitored by the U.S. Department of Agriculture (USDA) since
1909, and the information gathered has been used to estimate trends in food use (see Chapter 3).

In household food inventories, food consumed is estimated by recording the difference between inventories of foods on
hand at the beginning and end of the study period—usually 1 week—and accounting for food purchased or otherwise brought
into the house. Average per-capita intake is estimated by dividing total household food intake by the number of people in that
home.

Per-capita intakes by different age-sex groups in U.S. households are provided by national surveys conducted by USDA
(USDA, 1984, 1987) and the U.S. Department of Health and Human Services (Carroll et al., 1983). These are also discussed
in Chapter 3.

Individual Dietary Data

Food supply data and household food inventories supply only rough estimates of foods available and cannot be used to
determine intakes of individuals. Methods most often used to assess individual intakes are food records and dietary recalls,
both of which include diet histories and food frequency questionnaires.

The food record method requires participants to measure and record types and amounts of all foods and drinks
consumed over a specified time. In some studies, all foods are weighed. In others, measuring cups and spoons and a ruler are
used to assess dimensions. Food models, volume models, and photographs have also been used.

The 24-hour recall method requires that respondents report the types and amounts of foods they consumed over the
previous 24-hour period. Information is obtained by face-to-face (in-person) interview or by telephone.

Diet history methods rely on interviewers or questionnaires to estimate the usual diet (or certain aspects of the diet) of
subjects over a long period. The objective is to obtain a picture of habitual intake, which is more likely to be related to slowly
developing diseases than is the intake over a time as short as 24 hours, which cannot represent the customary or usual intake.
The classic diet history method used by Bertha Burke (1947) included a 3-day food intake record, a 24-hour recall, and an
accounting of the frequency of food intakes over a period of 1 to 3 months. This method is rarely used today in its entirety. A
less intensive version consists of two steps. First, an interviewer obtains detailed information about usual diet and portion
sizes, e.g., what is usually consumed for each meal and for snacks. Then, to improve recall and obtain a more complete
picture of habitual food practices, the interviewer helps the respondent review a detailed list of foods and adds anything
omitted (Fehily, 1984).

Some diet histories are obtained through questionnaires, administered by an interviewer or completed independently by
the respondent, that ask about the number of times each listed food is consumed (and sometimes the amounts) over a
specified period, such as a few weeks or a year. This is often called the food frequency method. Few or many food items may
be listed on the questionnaire. For example, in studies of the association between diet and cancer, the questionnaire may focus
only on foods that provide a nutrient of particular interest.

In most case-control studies to determine the etiology of chronic diseases, investigators have recognized the difficulty of
determining past dietary intake and have assumed that the current diet (or the diet prior to the onset of symptoms of the
disease) reflects past intake sufficiently well to identify associations of dietary factors with disease (Morgan et al., 1978).
However, recall of a diet from the distant past (17 to 25 years ago) or the
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more recent past (3 years ago) can be influenced by current diet (Byers et al., 1983; Garland et al., 1982; Meller-Jenson et al.,
1984; Rohan and Potter, 1984; Van Leeuwen et al., 1983).

Accuracy

The most accurate methods are in large part free of random and systematic errors (Bingham, 1987). The accuracy of a
particular data set (or, more generally, of a method) is defined as the degree to which recorded estimates of intake
approximate actual intake. Accuracy can be reduced by many factors, such as poor memory of past dietary practices,
inaccurate recall of amounts, wishful thinking, and a desire to please an interviewer. Thus, true intake can generally be
known only if actual intake is observed and measured or weighed surreptitiously. This has been feasible in only a few studies
of small numbers of subjects conducted for a short time. Since true dietary intake can rarely be determined, investigators
often try to assess the accuracy of a new method by comparing results not with true intake but with results from some other
accepted but possibly flawed method.

Following is a list of the errors that may occur in methods to assess intake. These include sampling errors, reporting
errors, and errors due to wide day-to-day variation in dietary intake.

*  Sampling Errors: Because of interindividual variation in usual diet, small samples may provide highly
unrepresentative estimates of food intakes by populations even when individual data items are accurate.

* Nonresponse Bias: When randomly selected samples are meant to represent an entire population, high refusal rates
will introduce a serious bias if those who refuse differ from respondents in important ways.

* Reporting Errors: Respondents must be motivated to cooperate. Most people have little reason to remember exactly
what they ate in the recent past as well as at times long past. In recall methods, subjects may fail to remember
accurately all foods eaten. In general, recall is more accurate if respondents have been alerted to the requirements of
the recall method. Some groups, such as very old people and young children, may be poor subjects for recall methods.

Subjects may report intakes of foods and amounts they believe the investigator approves instead of their actual intakes.
They may also be reluctant to admit to such habits as binge eating or high alcohol consumption. Many subjects do not
correctly estimate portion sizes when they recall or record food intake.

If respondents are required to weigh or measure their foods to determine their exact intake, they may alter their usual
dietary habits to make recording easier or to provide answers they think will please the investigator.

* Errors Relative to Day-to-Day Dietary Variability: Individuals vary widely from day to day in their intake of foods
and nutrients. Indeed, even an accurate 24-hour recall will not include the most common foods if they were not
consumed on the day of recall. In homogeneous populations, the variability within a given subject's intake may be
much greater than that between subjects (Liu et al., 1978).

The number of days of dietary intake data needed for moderately accurate estimates of the usual or habitual intake of
individuals varies from one nutrient to another and can sometimes exceed 30 days (to account for day-to-day variability).

» [Interviewer Bias: Poorly trained interviewers may introduce errors by suggesting answers or by leading respondents.

* Errors Due to Use of Food Composition Tables: A given food item may vary in nutrient composition because of
genetic variation, growing conditions, pest control measures, and conditions of storage, processing, or preparation for
consumption. Single values in food composition tables are averages of representative samples of a given food and do
not indicate the nutrient content of any specific sample.

Some food composition data are biased, because they are based on inappropriate analytical methods or because nutrient
values are imputed. Nutrient data currently available in U.S. food composition tables are far from complete (Beecher and
Vanderslice, 1984; Hepburn, 1987). Food composition tables do not account for incomplete bioavailability of nutrients in
individual foods. They also do not include data on nutrients inadvertently added to food during preparation, such as calcium
from tap water or iron from utensils (Bazzarre and Myers, 1980).

A few investigators have weighed and chemically analyzed samples of food identical to those actually consumed to
determine actual intake of nutrients as calculated from food composition tables. Some of them have found general agreement
of analyzed values with published tables (Bazzarre and Myers, 1980), but others report errors ranging from 2 to 20%,
depending on the nutrient studied (Bingham, 1987).

Copyright © National Academy of Sciences. All rights reserved.
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A dietary intake method need not necessarily determine exact quantities of nutrients consumed (Block, 1982). For
example, if data are to be used only to place individuals within upper and lower categories of a distribution, the assessment
method might be tested for its ability to do this accurately rather than for its quantitative precision. Interest is increasing in the
use of biologic markers to check the accuracy of food intake assessment methods; some possible markers are discussed below
in the section on Biologic Markers.

The investigator must be cautious, however, in concluding that one method of assessing some dietary risk factor is fully
interchangeable with another. Analyses comparing two methods commonly make use of some combination of group means,
correlation coefficients, and regression slopes. Two methods used to measure the same risk factor may not agree on all three
of these parameters. In the strictest sense, two methods are interchangeable only if the slope of the linear regression of one
method on the other is unity (Lee, 1980; Lee and Kolonel, 1982; Lee et al., 1983).

Another important concept is that of reliability—the ability of a method to produce the same results when used
repeatedly under the same conditions. While good reliability generally means that any bias is constant and random variability
is not serious, failure to obtain the same results may be due either to actual changes in dietary intake or to an unreliable
instrument. It may be necessary, therefore, to use biologic markers or other information about changes in food choices to
determine whether or not dietary changes have occurred over time (Block, 1982).

Strengths and Weaknesses of Dietary Intake Assessment Methods

Each method of ascertaining dietary intake has its strengths and weaknesses. None of them is suitable for every purpose.

Food Records

Many investigators believe that records of food weights provide the most accurate estimation of food intake.
Consequently, they are often used as the standard against which other methods are validated (Bazzarre and Myers, 1980).
However, this method requires highly cooperative, motivated, and literate respondents as well as trained personnel to
supervise them and to code and calculate their nutrient intakes. As noted above, respondents may alter their diets to facilitate
recording, thereby producing records that fail to reflect their usual intakes. Some subjects may be unable to weigh foods
consumed away from home. Consequently, their recall of those foods and amounts may be inaccurate. Because of the burden
placed on respondents who are asked to weigh their foods, cooperation rates are low—from 35 to 75% (Bazzarre and Myers,
1980). The large burden placed on the investigative staff by this method results in high costs, thus making it difficult for the
investigator to obtain a sample that is both representative and sufficiently large. Because of the high costs and low
cooperation rates, epidemiologists generally find that weighed or measured food intake records are useful chiefly to validate
less costly and more easily applied methods.

Respondent cooperation may be improved if household measures rather than weights are used to determine amounts.
Pilot studies in the target population may be undertaken to determine whether estimated weights of food are sufficiently free
of bias (Bingham, 1987). Actual intake may be underreported with this method (Mertz and Kelsay, 1984).

The number of days during which food records should be kept depends on the research objectives (e.g., whether
individual or group means are desired), the nutrients of interest, and the sample size. More extensive food records are
required to estimate individual intake of highly variable nutrients such as vitamin A than to estimate less variable ones such
as food energy. In one study, 29 adults kept daily food intake records for 1 year (Basiotis et al. 1987). An average of 31 days
of intake data was required to predict an individual's usual intake of food energy, whereas an average of 433 days would have
been needed to predict usual intake of vitamin A with the same degree of accuracy. In contrast, mean food energy intake of
the group could be estimated from only 3 days of data, and mean vitamin A intake could be estimated from 41 days of data.
Other investigators have also concluded that to estimate the mean intake of a group, 3-day records are adequate, provided that
day-of-week variations are taken into account [intake on weekends may differ from that on weekdays (Sorenson, 1982)1 and
that the sample size is sufficiently large (Bingham, 1987).

The 24-Hour Recall

This method is popular because the respondent burden is small, the time required for administration is short, and costs
generally are low. Limitations include inaccurate reporting due to failure to

Copyright © National Academy of Sciences. All rights reserved.
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recall all foods and the portion sizes consumed, high day-to-day variability in nutrient intake, and bias due to a desire to
please the interviewer or reluctance to report large intakes of alcohol, sweets, and other items that might draw disapproval.
Even accurate 24-hour recall data cannot represent the habitual intake of individuals and cannot be used to identify
individuals in the sample whose intakes are consistently high or low in the nutrients studied (Beaton et al., 1979; Block,
1982; Todd et al., 1983). Most investigators agree that a single 24-hour recall is valuable for assessing the mean intake of a
group (Gersovitz et al., 1978; Madden et al., 1976; Sorenson, 1982; Young et al., 1952), but systematic errors may result in
serious misclassification of respondents. It may be worthwhile to assess the accuracy of this method (perhaps in a subsample)
by comparing 24-hour recall data with diet records (Bingham, 1987). Validity checks against biologic markers (such as 24-
hour urinary nitrogen as a reflection of protein intake) can increase confidence that the 24-hour recall accurately reflects
intake of certain nutrients in the past 24 hours (Bingham, 1987; Block, 1982). Several 24-hour recalls obtained periodically
from the same people over several months or more can increase the accuracy of estimates of their usual intakes; this may be
especially important for nutrients that are highly variable in the diet (Bazzarre and Myers, 1980; Liu et al., 1978; Rush and
Kristal, 1982). A common misuse of data from a single 24-hour recall is the designation of cutoff points below which dietary
intakes of individuals are considered to be inadequate (see Chapter 3).

Diet Histories

In the diet history method, which covers longer periods, seasonal and other dietary variations can be taken into account
and usual diet is not altered. However, a complex diet history requires a highly skilled interviewer and takes 1 to 2 hours of
respondent time, followed by extensive checking and coding of records. Thus, costs are high. An alternative approach to
estimating usual intakes, called the food frequency assessment method, often ignores portion sizes, so that questionnaires are
easier to standardize, more rapidly administered (some are self-administered by the study subjects), and less expensive.
Methods that provide information on the frequency of food consumption but not on the amounts consumed may be useful in
ecological studies that do not require high accuracy, but may not be suitable for case-control or cohort studies (Chu et al.,
1984). Because of validation problems, investigators often place greater confidence in the accuracy of a diet history method if
it produces results consistent from one experimental situation or one study group to another.

Diet histories tend to produce higher estimates of intakes than do food records (Bazzarre and Myers, 1980; Bingham,
1987; Block, 1982; Dwyer, 1988; Jain et al., 1980; Sorenson, 1982; Young et al., 1952). The reproducibility of the diet
history method based on repeated administration has been fairly good (Dawber et al., 1962; Hankin et al., 1983; Nomura et
al., 1976; Reshef and Epstein, 1972).

Both the full diet history and the food frequency method are subject to recall errors and the possibility that respondents
may report a diet of better quality than they have actually consumed. The survey instrument may need to be complex if the
study population contains two or more groups with distinctly different dietary patterns.

Willett et al. (1985) and Block et al. (1986) developed semiquantitative food frequency questionnaires. Block and
colleagues used dietary data from adult respondents in the Second National Health and Nutrition Examination Survey,
whereas Willett and co-workers obtained information from a large sample of nurses. These questionnaires are promising but
they have not yet been adequately studied in groups that may differ sharply from the general U.S. population, nor have they
been sufficiently evaluated to determine how well they assess the dietary intakes of individuals (Dwyer, 1988).

Recall bias occurs when study subjects consistently remember their intake of a food as higher or lower than it really was.
This bias is a special concern when different study groups have different degrees of recall bias. For example, patients with
cancer of the gastrointestinal tract may seek to explain their disease in terms of dietary factors and consequently overestimate
or underestimate a particular food component that they believe may be responsible, or they may think harder about their past
diet and report more accurately than the rest of the population. Recall biases can be large, either positive or negative, and very
difficult to detect.

Incompleteness of Food Composition Tables

Another problem in assessing nutrient intakes is the limited accuracy and completeness of standard food composition
tables. There are sufficiently accurate data on the occurrence of protein and fat in most
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foods; but for dietary fiber, some vitamins, and trace minerals, for example, the data are much more limited. Furthermore, the
tables give average values and do not reflect variability among samples of the same food, nor do they reflect differences over
time or geographic location, such as might be introduced by new strains of food animals or plants or by new methods of food
preservation and storage (Beecher and Vanderslice, 1984; Hepburn, 1987).

Biologic Markers

Because of difficulties in validating dietary intake assessment methods, biologic markers are receiving more and more
attention as independent validity checks. Such markers can indicate dietary intake, but the complexities of nutrient
metabolism and genetic and environmental factors may affect their usefulness. For example, disease may affect nutrient
intake (rather than vice versa), and it may also directly affect levels of a given marker in blood or urine. It is also important to
know the length of time for which a marker can estimate dietary intake. To date, little has been done to establish the accuracy
of dietary markers.

Possible markers include 24-hour urinary sodium excretion as a measure of sodium intake (Fregly, 1985) and 24-hour
urinary nitrogen as an estimate of protein intake (Bingham and Cummings, 1985; Isaksson, 1980). The value of markers
depends on the completeness of 24-hour urine collections, which can be assessed by measuring the urinary recovery of orally
administered para-aminobenzoic acid (Bingham and Cummings, 1983). Creatinine excretion has often been used to check
completeness of urine collections, but the coefficient of variation of 24-hour creatinine excretion is as high as 25%, and
excretion is increased when meat is consumed (Bingham, 1987).

Other possible markers include toenail levels of selenium to assess selenium intake (Morris et al., 1983) and adipose
tissue concentrations of fatty acids to assess types of fatty acids consumed (Beynen et al., 1980). Standard energy output
equations, which include adjustment for the weight and age of subjects, can provide an approximate check on stated energy
intake (Schofield et al., 1985).

EVALUATING SINGLE STUDIES FOR QUALITY AND RELEVANCE

The research methods used to gain reliable scientific knowledge, particularly knowledge about biologic phenomena, and
the criteria used to evaluate their results have been developed over many years by a combination of intuition; biologic,
statistical, and mathematical reasoning; and practical experience. A strong impetus for developing better methods of research
design and statistical analysis came originally from the needs of agricultural research (Fisher, 1935). Many of those
techniques are applicable to research in nutrition.

Knowledge about the relationship of diet to health is based on many thousands of reports of experimental and
observational research published during the past century. In order to evaluate such a large amount of research, it is useful to
distinguish between the accuracy of data (internal quality control that can generally be judged by others only if the research
report is sufficiently complete) and the accuracy of conclusions (which often requires a broad range of additional knowledge
for evaluation).

Scientists can agree that data are accurate even while they dispute conclusions. Furthermore, data remain accurate even
when interpretations change. Although any valid scheme for combining information from separate studies would depend, in
part, on their individual strengths and weaknesses, the committee has attempted to ensure adequate standards of quality by
giving emphasis to peer-reviewed studies.

The criteria used by the committee in evaluating conclusions from individual studies are common to evaluation of all
scientific evidence and can be divided into two major categories:

« those related to study design and execution, including observational research and true experiments; and
« those related to interpretation, which depends heavily on the concepts and sometimes on the mathematical techniques
of statistics as well as a broad understanding of biologic phenomena.

Investigations in humans include cross-sectional, case-control, cohort, and intervention studies, including clinical and
community trials. Observational studies, in which the investigator must make use of situations that arise without intervening
in them, differ in many critical ways from experiments in which the investigator controls both the assignment of subjects to
treatments and the treatments themselves. Many studies of nutrition in humans are by necessity observational, and the general
criteria for the quality of such work are similar to those for other observational investigations. Such criteria are discussed in
textbooks on epidemiologic methods (e.g., Lilienfeld and
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Lilienfeld, 1980; Mausner and Kramer, 1985). Likewise, experiments in humans and animals can be evaluated against
general criteria for good experimental design, execution, and analysis that apply in all scientific disciplines and are described
in many textbooks.

The following sections address the special problems encountered in meeting these criteria in studies of diet and health.

Problems Common to Observational Studies

Assessment of Dietary Intakes

Most knowledge about the relationship of diet to human health and disease, particularly chronic disease, has been
derived from observational studies of people who selected their own food and drink over a lifetime. The strengths and
weaknesses of different methods of measuring dietary intakes of groups and individuals are discussed earlier in this chapter.

Assessment of Disease Incidence and Prevalence

It is difficult to measure the prevalence or incidence of some diseases. Most cancers are detected efficiently and are
diagnosed and reported accurately. Some other medical conditions of considerable consequence, such as hypertension and
loss of bone density, require special techniques for detection, since they may become clinically apparent only when there is a
catastrophic complication.

Mortality rates for demographic groups (e.g., nations) and subgroups (e.g., adults) are reliable indicators of the incidence
of diseases that are detected clinically with accuracy and thoroughness and have a high case-fatality rate. Such diseases
include severe myocardial infarction, cancer of the lung, and cirrhosis of the liver. Mortality rates are not reliable indicators
of the incidence of diseases that are often not detected clinically and do not commonly cause death. Diseases in this category
are bone loss and cholelithiasis. For these, later disease manifestations (i.e., disease sequelac) may be used as proxy
indicators of disease. For example, hip fracture in an elderly person is often used as an indicator of osteoporotic bone.
Otherwise, disease rates must be measured by surveys of population samples.

Biologic markers can sometimes be used to estimate past exposures, as when blood lead levels are used to assess intake
of lead. They can also serve as markers of a developing disease, as when serum cholesterol concentrations and, more
recently, serum lipoprotein concentrations are used to predict the risk of atherosclerosis and its sequelae. Much of the
evidence relating nutrition to atherosclerosis is based on observational and experimental studies of associations between diet
and serum lipid or lipoprotein levels. The relevance of this evidence depends directly on the strength of the association of
serum lipoprotein levels with atherosclerosis and related diseases.

Hypertension is a diet-related characteristic that is easy to measure in a large population sample. It also has a variety of
serious sequelae (cardiac hypertrophy, congestive heart failure, stroke), although these also have other causes. Osteoporosis is
an example of a disease for which new technology can measure a biologic marker (bone density) easily and accurately.
Indeed, bone density measurements are so readily available and so closely linked to underlying pathophysiology that they are
refining our definition of osteoporosis.

Autopsy results can be used to determine the presence of some diseases and conditions with great accuracy, but such
information must be used with caution because the combined clinical observations and autopsy findings are available for only
a small and highly selected (and thus potentially highly biased) proportion of the population. Only about 15% of all deaths in
the United States are now investigated by autopsy, and in recent years the rate has declined by approximately 1% per year
(Council on Scientific Affairs, 1987). Furthermore, autopsy findings are rarely used to revise the cause of death that is
recorded on death certificates. In some studies of diet and health that include detailed, long-term individual nutritional
assessments, such as the Honolulu Heart Program (McGee et al., 1984) and the Puerto Rico Heart Health Program (Garcia-
Palmieri et al., 1980), autopsy findings have been valuable both for improving the accuracy of the assigned cause of death
and for assessing other conditions of nutritional interest that did not contribute to the death.

Another valuable use of the autopsy is to study early stages of a disease that has a long natural history by examining the
tissues of children and young adults who die of other causes. The most frequent cause of death between the ages of about 2
and 40 years in industrialized countries is accidents, which affect a cross-section of the population that in general is not
seriously biased by the late complications of chronic diseases. Thus, autopsies of accident victims are useful for detecting
early, subclinical stages of atherosclerosis, os
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teoporosis, gallbladder disease, and obesity in the population from which they were drawn. Unfortunately, it is extremely
difficult to obtain accurate and detailed nutritional data for people who die from accidental causes. Thus, even when the
investigator uses great caution, data from autopsies could lead to erroneous conclusions about associations among diseases
and between diseases and environmental exposures such as diet.

When the prevalence or incidence of or mortality from disease is correlated with food intakes and compared among
specific populations (i.e., ecological correlations), problems of interpretation are encountered. For example, in industrialized
countries, compared to those less technically developed, death reporting and assignment of causes of deaths on death
certificates are usually more accurate. The criteria for diagnosing a disease may vary among regions, and there may be local
biases in diagnosing certain diseases. Thus, there are many opportunities for errors or differences in disease measurement and
classification that could bias ecological correlations. Intensive studies of death certificate data have shown that the accuracy
of disease rates based on conventional death certificates varies greatly among cities, countries, and causes of death (Puffer
and Griffith, 1967).

In summary, accurate assessment of disease end points is critical in the evaluation of nutrition-related causes of disease.
Each disease presents different problems, and each study must be evaluated in light of the best knowledge about the disease
in question.

Effects of Misclassification

The effect of misclassifying individuals with regard to dietary exposure or disease end point depends on the type of
study. In ecological correlations, in which group rates and means are used, random misclassification of a small proportion of
subjects may increase variance in study results and make it more difficult to detect diet-disease correlations; however, such
errors do not ordinarily introduce serious bias when they affect all subgroup means to about the same degree. However, if the
misclassifications are systematic, and vary from group to group, they may bias the means in different ways and thus bias the
comparisons of interest. For example, if certain diseases are underreported in countries or regions with both poor medical
services and low intakes of a nutrient, a spurious correlation of the disease with high nutrient intake may be introduced or a
correlation in the other direction obscured.

In studies of individuals, random misclassification with regard to diet or disease can seriously attenuate correlations and
thus reduce the power to detect associations when they are present.

Temporal Relationships

A special type of misclassification of exposure arises if dietary intake data are collected at a time when diet could not
have caused the disease in question. Dietary intake after a disease is established may not be an index of the relevant exposure
since the disease may have affected the diet, rather than vice versa. Misclassification of this type is especially serious in
studies of chronic diseases, most of which develop over long periods during which they do not produce readily detectable
signs or symptoms. For example, atherosclerosis begins in childhood but usually does not produce clinically manifest disease
until middle age or later. Sometimes the error is obvious, but the temporal relationship of diet to the critical stages of
pathogenesis is often unknown, and misclassification of this type may sometimes be undetectable. Similarly, in some
diseases, exposure to a dietary factor may be important only during certain periods, such as the hypothesized effect of fat
intake early in life on breast cancer. In a few long-term prospective epidemiologic studies, investigators have measured
disease outcome 10 to 20 years after the dietary assessment—a useful approach for many chronic diseases with a long latency
—but the opportunities for such long follow-up are rare.

Confounding

Confounding refers to associations that are real but do not indicate a causal link. A confounding factor, or confounder,
must be associated with both the exposure of interest and the effect. For example, absence of teeth is associated with the
consumption of large quantities of milk, but milk is certainly not a cause of the condition; edentulous infants drink a lot of
milk, and age (correlated with both milk consumption and absence of teeth) is a critical confounder. More subtle, and hence
more serious, confounding often results because of correlations among food or nutrient intakes (is it sodium or chloride—
whose occurrence in foods is highly correlated—that is more harmful?) and bias in determining dietary exposure, health
outcomes, or both.

It may be impossible to control for known sources of confounding, much less for those unrecognized and unsuspected.
The great strength of randomized clinical studies is that the randomiza

Copyright © National Academy of Sciences. All rights reserved.
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tion of study subjects reduces bias and provides a basis for such valid statistical measures as p values and confidence limits. It
can never be entirely certain that nonrandomized subjects in the comparison groups are sufficiently similar to ignore possible
confounding.

Confounding must be considered in attempts to relate nutrition to chronic diseases, because most chronic diseases have
multiple causes and because nutrition is also greatly influenced by social, cultural, economic, and geographic factors. For
example, differences among countries in the incidence of coronary heart disease (CHD) are correlated with differences in fat
and cholesterol intake, but they are also correlated with many other aspects of life. Other evidence—such as that derived from
experimental research on possible causal mechanisms—must be considered in order to determine which dietary correlates of
disease are causal and, hence, what dietary changes are likely to be beneficial.

Discrepancies Between Ecological and Individual Correlations

Correlations between disease rates and dietary intake levels can be computed by using group rates or means or values for
individuals. However, there are many examples of diet-disease correlations that are strong when based on population means
(e.g., dietary and serum cholesterol levels) but weak or nonexistent when based on values for individuals. Prominent
examples are the strong ecological correlations found between dietary fats and CHD, and between dietary fats and breast
cancer, and the weak or absent individual correlations for the same pairs of variables. Each type of correlation has strengths
not present in the other, and both may be important in gaining an understanding of specific relationships. Ecological
correlations are less affected by random variability and can exploit large interpopulation differences in diet, whereas
individual correlations can be used more effectively in dealing with bias and confounding.

Different correlation coefficients obtained with these two approaches are not necessarily contradictory. In ecological
correlations, averaging across individuals to determine the mean dietary intake or disease occurrence of a population greatly
reduces the effects of variation among individuals and of random errors in classification. Furthermore, there is often an
opportunity to select populations representing high and low extremes of exposure and disease rates. Both effects tend to
increase the precision of the correlation coefficient, so that causal associations are more readily detectable. In contrast, in
individual correlations, variation among subjects in exposure or response, as well as in genetic variability, are not masked by
averaging across subjects. Furthermore, variation in diet among subjects within a population is usually much less than
variation among populations. Both of these effects attenuate the correlation coefficient computed from individual values. On
the other hand, studies of individuals can more often be designed and conducted to reduce the effects of bias.

Case-Control Studies

In a case-control study, subjects with the disease in question are compared with disease-free control subjects with regard
to suspected causative agents. Thus, subjects are enrolled on the basis of their outcome (diseased or healthy) rather than on
the basis of their exposure (with or without some dietary factor) (White and Bailar, 1956). The case-control study is a
valuable epidemiologic method for identifying causes of diseases, because it can be rapid (even when critical exposure data
refer to times long past) and inexpensive. However, it has potentially severe limitations when used to examine dietary causes
of chronic diseases. The major limitation is the difficulty of sorting out the time of exposure and the time of disease origin, as
discussed previously. Another limitation of case-control studies is that the choice of control subjects (e.g., hospital-based
versus neighborhood-based controls) can influence study findings, especially in studies of chronic diseases with subclinical
forms whose prevalence is high. Atherosclerosis is a prominent example. Almost every adult has some degree of
atherosclerosis; many have severe atherosclerosis without clinical manifestations. Consequently, atherosclerosis in apparently
healthy control subjects may be almost as extensive as in subjects with clinically manifest CHD. Thus, associations are likely
to be weakened by classification of disease as present or absent (implicit in the differentiation of cases from controls), rather
than as a graded condition.

Misclassification of dietary exposures can be serious in case-control studies, even with unambiguous health outcomes
such as cancer. When bias is not serious, positive findings from case-control studies are likely to give conservative estimates
of the strength of the association. When bias is likely to be strong, neither positive nor negative results of case-control studies
are reliable.

Copyright © National Academy of Sciences. All rights reserved.
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Longitudinal (Cohort) Studies

In some epidemiologic studies, a group of apparently healthy people (a cohort) is characterized and then followed for a
long time for occurrence of disease. The Framingham Study (Dawber, 1980) is an example of this. Since information on
relevant risk factors must be collected at the outset of the study, however, cohort studies have usually focused on the
confirmation of suspected risk factors, as well as on estimation of magnitude of effects, identification of subgroups at
especially high or low risk, and other refinements of exposure-outcome relationships. In cohort studies, it is common to
measure all independent variables at one time, which may not represent usual exposures over a prolonged period.
Furthermore, as in case-control studies, misclassifications of dietary exposure can occur. Nevertheless, cohort studies have
been very successful in the investigation of suspected risk factors for chronic disease, e.g., associations of serum cholesterol
concentration and dietary components with cardiovascular diseases (Shekelle et al., 1981).

Problems Common to Intervention Studies

Experimental Design

Experimental design is discussed thoroughly in many textbooks (e.g., Lilienfeld and Lilienfeld, 1980; Mausner and
Kramer, 1985). A variety of techniques can be used to increase and improve the quality of the information provided by
experiments. In experiments with a small number of subjects and considerable individual variability, the crossover design is
useful. In that type of study, each subject is exposed to two or more dietary treatments (Bailar and Mosteller, 1986). When
applied to disease end points, however, the crossover design is strongest when the disease or its marker is temporary and
readily reversible. This approach is not often applicable to the study of long-term or permanent effects of diet.

Duration of Exposure

The long exposure required for diet to produce the common chronic diseases of adults is probably the greatest single
handicap to the use of experimental methods in nutrition research. It is difficult to control the diets of noninstitutionalized
people for any length of time and, as a practical matter, impossible to control diets for months or years, much less decades, as
would be required to test dietary hypotheses regarding CHD, certain cancers, osteoporosis, and certain other chronic diseases.
One useful stratagem to balance what is ideal with what is feasible is to study the effect of diet on intervening variables rather
than on disease occurrence.

This approach is illustrated by one of the most ambitious nutrition research projects ever conducted—the National Diet-
Heart Study (AHA, 1968) of approximately 1,000 men in each of five centers in the United States. This was designed as a
feasibility study for a definitive trial of diet and heart disease. A central laboratory prepared foods with different amounts and
types of fats and different amounts of cholesterol, but with similar appearances and using similar methods of food
preparation, so that treatments were blinded. Foods were provided to participants at costs competitive with those of ordinary
foods for 1 year. The results demonstrated conclusively that fat-modified diets lowered serum cholesterol concentrations in
noninstitutionalized men. There was no attempt to assess CHD. With the results of this study in hand, the possibility of
conducting a diet trial with CHD as an end point was examined by an independent body of experts. They concluded that such
a project was not feasible, in view of the number of people (up to 100,000), length of time (10 years), and enormous cost
required to achieve reasonable statistical power (NHLBI, 1971).

Clinical Trial Design

The design of clinical trials has been developed extensively over the past 20 years (Peto et al., 1976, 1977; Shapiro and
Louis, 1983). Such trials have been used to great advantage in comparing drugs, devices, and operative procedures (including
placebos) but to only a limited extent in testing hypotheses about nutrition and chronic diseases. As shown in the National
Diet-Heart Study (AHA, 1968), it is difficult and expensive to conduct a study using a double-blind design involving
manipulation of diet, but the difficulty and expense may well be justified in light of the potential value of the findings-that is,
when compared to the cost of not doing such a study. As discussed above, duration of exposure is also a major obstacle.

The problems that have affected some of the intervention (experimental) trials in humans include (Bailar and Mosteller,
1986):

* incomplete compliance of the study group assigned to treatment;

Copyright © National Academy of Sciences. All rights reserved.
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« dilution of effect by control subjects who decide on their own to adopt the intervention (a strong possibility with high-
risk subjects properly informed of the risks of nonintervention at the outset of a study);

« secular changes in intercurrent illness and death, especially when the changes (good or bad) may be influenced by the
treatment; and

 uncertainty about the optimal timing of the intervention in relation to the outcomes of interest.

Because of these problems, few questions of nutrition and chronic diseases are suitable for rigorously controlled, double-
blind clinical trials.

Clinical Investigations

Most experiments concerned with nutrition and chronic diseases in human subjects are short-term studies of small
numbers of people and include manipulation of dietary variables and measurement of physiological responses that may
illuminate disease mechanisms or may be predictors of chronic diseases. Some of these are conducted with tightly controlled
formula diets prepared in a laboratory kitchen and fed to subjects residing in a metabolic ward; others are conducted with
noninstitutionalized subjects who are instructed to eat more or less of certain foods. In metabolic ward studies, dietary control
and information collection are maximized, but since the costs of such studies tend to be very high, exposure periods and
numbers of subjects are limited. In studies involving noninstitutionalized people, larger study populations and longer
exposures are possible, but control of the diet is limited, blinding is rarely possible, and assessment of actual diet is difficult,
as discussed above for observational studies.

Strengths and Weaknesses of Laboratory Experiments

Studies in Animals

Historically, experiments in animals have played an important role in research on nutrition, even though there are
considerable differences among species in their needs for various nutrients and in their responses to specific dietary
manipulations. Experiments in dogs were used to determine the relationship of niacin to pellagra, and rats and other animals
were used in research on vitamin D. Much has been accomplished with rodents in defining essential amino acids and
identifying complete proteins. Even though scurvy was identified and preventive diets were designed from observations and
therapeutic trials on sailors, much additional information was gained by feeding vitamin C-deficient diets to guinea pigs—
one of the few nonhuman species unable to make this vitamin. However, most of these studies were designed to induce
deficiencies of single nutrients for relatively brief periods, usually not more than a few months, and the physiological
derangements or tissue lesions produced were easily measurable.

In contrast, experiments in animals to investigate the relationship of nutrition to chronic diseases are more complex, but
nevertheless have provided useful leads. The first evidence that dietary cholesterol was related to heart disease was the
observation that feeding cholesterol to rabbits caused hypercholesterolemia and arterial lesions simulating atherosclerosis in
humans. Human-like hypercholesterolemia and atherosclerosis have been produced by fat and cholesterol feeding in a variety
of other species, including swine, dogs, and nonhuman primates. These models have confirmed and amplified the
observations on dietary fats and cardiovascular disease in humans and have yielded considerable insight into the pathogenesis
of the underlying atherosclerotic lesions (see Chapters 7 and 19). The induction of hypertension in rats by dietary salt
supports the suspected relationship of salt intake to hypertension in humans (see Chapters 15 and 20). Animal models have
confirmed the epidemiologic association of alcohol to liver injury and cirrhosis (see Chapters 16 and 25). Animal
experiments are essential in screening foods and food additives for possible carcinogenic effects (see Chapter 17), and they
have provided an important data base for evaluation of the role of dietary factors in carcinogenesis (NRC, 1982).

Variability among species is a more severe problem when research is directed toward diet and chronic disease
relationships that are more likely to be unique to humans or to depend on uniquely human exposures. The more complex the
physiological mechanisms involved in the pathogenesis of a human disease, the more difficult it is to ensure that the disease
is (or can be) adequately simulated in animal models. The rat, for example, does not respond to diets enriched with
cholesterol and fats by elevations in serum lipoproteins, whereas the rabbit, in which the effects of dietary cholesterol were
discovered, is extraordinarily sensitive to such diets. There is no satisfactory animal model for testing the effects of dietary
calcium on postmenopausal osteoporosis, perhaps because few animals undergo the spontaneous ovarian failure in

Copyright © National Academy of Sciences. All rights reserved.
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middle age that humans experience. Extensive reviews of animal models for each of the major chronic diseases have included
assessments of their advantages and limitations (NRC, 1981, 1982).

Problems related to the interpretation of results of studies in animals are complex, and only a few general principles
apply. When manipulation of nutrient composition in such studies produces a disease whose pathogenesis and pathology
resemble those of a disease in humans and when the intervening variables are nearly identical, observations in animal studies
support inferences of causation derived from studies in humans. However, a failure to induce the human disease in animals
does not necessarily disprove a causal relationship in humans. Conversely, the existence of a diet-induced disease in one or
more animal species does not prove its existence in humans, unless the relationship is also supported by evidence derived
from studies in humans.

The advent of molecular biology has made possible the study of dietary effects at fundamental levels of cellular
metabolism. These studies may explain differences among species in response to diet in terms of gene expression.

The most valuable role of animal models in research on nutrition and chronic diseases in humans is in the study of
mechanisms and pathogenesis. Studies of the effects of diet on serum lipids and lipoproteins, calcium absorption and
metabolism, tumor initiation and growth, blood pressure, and other physiological processes in selected animals have been
useful in testing and refining hypotheses regarding mechanisms. In evaluating data obtained from animals and other
laboratory studies, the committee gave greater weight to data derived from studies in more than one animal species or test
system, on results reproduced in different laboratories, and on data demonstrating increases in response with increases in
exposure.

Short-Term Tests

Short-term tests are used primarily to prescreen chemical compounds for their possible carcinogenic or mutagenic
potential (de Serres and Ashby, 1981). They can detect DNA-reactive or genotoxic agents (Weisburger and Williams, 1981)
and can be used in a variety of biological systems such as microorganisms, mammalian cells, insects, and whole animals (de
Serres and Ashby, 1981). In addition, these tests have high statistical power, are easily replicated, are relatively inexpensive,
can be performed under different sets of experimental conditions, and have the ability to detect several end points relevant to
carcinogenesis (Brockman and DeMarini, 1988).

A battery of these tests is usually used, with or without metabolic activation of the parent compound. These include tests
for gene mutations in microorganisms, yeast, fungi, insects, or mice; structural chromosome aberrations; and other genotoxic
effects such as numerical chromosome aberrations, DNA damage and repair, mammalian cell transformation, and target
organ/cell analysis (EPA, 1982).

Short-term tests for mutagenicity have yielded useful data in investigation of the role of diet in carcinogenesis (see
Chapter 17, and NRC, 1982). However, there are a number of drawbacks to the use of short-term tests in prediction of
carcinogenicity: They are unable to detect carcinogens that do not interact with DNA (often called epigenetic carcinogens)
such as some hormones and promoters (Weisburger and Williams, 1981); they cannot take into account metabolic effects of
absorption, transportation, activation, detoxification, and excretion; and it is difficult to make quantitative risk assessments
based only on the results of these tests (NRC, 1982).

EVALUATING THE EVIDENCE AS A WHOLE

The first step in assessing the evidence on diet and chronic diseases is to evaluate the quality and relevance of individual
studies in light of the criteria discussed above. The second step involves assembling and evaluating all the evidence. In this
step, the committee paid particular attention to the criteria for assessing inferences of causality and to the relative weights
ascribed to each category of evidence reviewed.

Categories of Research Subjects and Methods

The committee considered both the subjects and the methods in each study. Most data reviewed by the committee were
from studies in humans or animals. Other evidence obtained from short-term experiments in bacteria, cultured cells, or organs
applied primarily to mutagenicity and cancer. In reviewing studies in animals, the committee considered whether or not
experimental diets were within physiological ranges of intake or represented more extreme variations, whether the animal
species selected for study were sufficiently similar to humans in responses to dietary modifi

Copyright © National Academy of Sciences. All rights reserved.
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cation, and whether duration of exposures and periods of observation were appropriate.

Underlying Assumptions

To evaluate the aggregate data on diet and chronic diseases, the committee considered some a priori assumptions about
the relative weights or degrees of importance ascribed to each category of evidence considered. For example, which
categories of studies provide the strongest and weakest evidence for the associations in question? Specifically, does a well-
controlled study of laboratory animals provide more or less convincing evidence about diet and human health than a weaker
but more relevant epidemiologic study? The committee concluded, however, that such an approach is naive and would lead to
ignoring important data or giving undue emphasis to certain studies because, as described above, no single category of study
is perfect. Each has strengths and weaknesses. Therefore, the committee did not rely solely on any one category of evidence
(e.g., relative risks in epidemiologic studies or responses in animal studies) but, rather, based its evaluation on the strength of
the overall combined evidence.

Furthermore, there is no universally valid hierarchy or weighting of categories of studies and hence no comprehensive
procedure for leaping from results to conclusions. Each putative association between diet and chronic disease must be
evaluated on a case-by-case basis, taking into account such factors as the natural history of the disease under review and the
inherent strengths and weaknesses of each category of study.

Common Problems in the Weighting of Studies

Studies in Humans

In evaluating the various types of studies in humans, the committee considered the traditional hierarchy based on the
supposed degree of causal inference that can be derived from each. According to this hierarchy, for example, ecological
studies may be useful in pointing to hypotheses but often provide the weakest evidence for causation, whereas case-control
studies, cohort studies, metabolic studies, and randomized clinical and community trials provide increasingly stronger
evidence for causation. Although the committee recognized that such an a priori weighting scheme could be helpful in
evaluating many types of health-related data, its application to studies on diet and chronic diseases did not seem appropriate
because of such problems as variable or unknown exposure levels and long disease latency periods.

The complex, interrelated nature of research on the association of diet with human health may sometimes diminish the
generalizability of findings of metabolic ward studies in which only a few dietary components are altered and hence may
weaken the inferences of causality derived from such data. In general, therefore, the committee accorded more weight to the
findings of observational studies of noninstitutionalized individuals.

Studies in Animals

Evidence from animal experiments regarding nutrition and chronic diseases must be evaluated in light of all knowledge
about the disease in question, the host, and the diet itself. The obvious advantages of experimental control over such matters
as genetics and diet, and the opportunities for more intensive observation, are counterbalanced by the uncertainties of
interspecies variability and by the highly uniform experimental conditions. Animal models are most valuable in studying the
physiological and molecular mechanisms involved in nutritional effects; modem molecular biology has made them even more
useful. Results from studies in animals cannot be used alone either to affirm or negate relationships between human diet and
chronic diseases, nor can they be used to estimate accurately the size of the effects in humans.

Studies in Humans Compared to Studies in Animals and Other Experimental Models

In general, the committee accorded greater weight to studies in humans than to studies in animals and other experimental
models. Studies in humans provide the most direct means for investigating the possible dietary causes of human diseases and
thus circumvent the problem of species specificity in response and the need to extrapolate findings from animals to humans.
In addition, more realistic dose-response relationships can be deduced from data on human populations than from data on
animals, since the exposures (as well as the outcomes) are those that actually occur among people.

Studies in animals can play a critical role, however, by confirming findings in humans and going beyond proof of
causation to examine such factors as mechanisms of action, determinants of individual susceptibility or resistance, and dose-
response

Copyright © National Academy of Sciences. All rights reserved.
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curves. Where human evidence suggests an association, consistent laboratory findings can provide strong confirmation.
Similarly, when animal data are not consistent with human data favoring an association, confidence in that association is
diminished.

The committee had more difficulty in assessing the few cases in which a putative association was supported by strong
evidence from laboratory animals but confirmatory evidence in humans was lacking. One such example is the evidence on
polycyclic aromatic hydrocarbons—a class of naturally occurring food contaminants that are carcinogenic in animal
experiments but not in dietary studies of humans. In such circumstances, the possibilities suggested by the animal
experiments cannot be ignored but neither can they be taken as conclusive proof of human risk.

Experimental Studies Compared to Observational Studies

Experimental studies have several advantages: the investigator assigns exposure including randomization, observations
are structured, controls are internal, and study subjects are deliberately selected. Such factors tend to increase the strength and
precision of inferences of causality. However, because experimental studies tend to be based on small selected samples, their
findings are not easily generalizable to noninstitutionalized populations. When the results of an experiment were judged not
to be applicable to the general population, the committee gave greater consideration to observational studies.

Inferring Causality in Associations Between Diet and Chronic Diseases

Empirical Criteria for Inferring Causality

The committee used six general criteria, patterned after those adopted by Hill (1971), for inferring causality in
associations between diet and chronic diseases: strength of association, dose-response relationship, temporally correct
association, consistency of association, specificity of association, and biologic plausibility. All criteria were accorded roughly
equal weight, with the exception of biologic plausibility, which in practice was given a little less weight since it is more
dependent on subjective interpretation. Only the probability that an association is causal was considered, since complete
proof of causality is rarely obtainable.

Three of the criteria used by the committee (strength of association, dose-response relationship, and temporally correct
association) may be applied to the findings of single studies and can therefore be regarded in part as measures of internal
validity. Any of these criteria may be satisfied in some, but not in all, studies testing the same or similar hypotheses. The
other three criteria (consistency of association, specificity of association, and biologic plausibility) are not necessarily study
specific and depend to a large degree on a priori knowledge.

Strength of Association

This is usually expressed as relative risk, i.e., the ratio of disease rates for people exposed compared to those not
exposed to the hypothesized causal factor. Generally, the larger the relative risk, the greater the likelihood that a risk factor is
causally related to outcome, i.e., the less likely it is due to confounding or other systematic error.

In applying this criterion, the committee recognized that weak associations, common in studies of diet and chronic
diseases, may still be causal and may even have quite large population-wide effects. Furthermore, if most members of a
population are similarly exposed to a suspected dietary risk factor—a common situation in the U.S. population—relative risks
may show small differences in disease rates among population subgroups.

Dose-Response Relationship

The existence of a dose-response relationship (that is, greater effects with greater exposures) strengthens an inference
that an association is causal. However, one high relative risk in the high-exposure category might provide evidence of a
strong nonlinear dose-response trend or even of a threshold below which the effect does not occur. Conversely, there may be
an upper limit on the size of an effect; i.e., little or no additional effect of increasing doses will be observed if most people
studied are exposed to levels above the threshold for the risk factor. This upper limit may also explain why some studies of
diet and chronic diseases show no association within the U.S. population. In studies of carcinogenic agents and cancer in
laboratory animals, dose-response relationships are sometimes attenuated and even reversed at high doses (Bailar et al., 1988).

Temporally Correct Association

If an observed association is causal, exposure to the putative risk factor must precede the onset of disease by at least the
duration of disease induction and latency. The committee interpreted the lack

Copyright © National Academy of Sciences. All rights reserved.
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of appropriate time sequence in an association as strong evidence against causation, but recognized that insufficient
knowledge about the natural history and pathogenesis of chronic diseases may limit the effectiveness of using this criterion to
infer causality.

Consistency of Association

This criterion requires that an association be found in a variety of studies, for example, in more than one study
population and with different study methods. However, some studies have low statistical power and in certain cases can be
systematically biased toward a no-effect finding. Similarly, many consistent findings limited to a particular category of
evidence (e.g., from observational studies in humans) were, in general, given less weight than findings that are consistent
across several categories of evidence. For example, in comparing ecological and individual correlations, more weight could
be given to one or two ecological studies supported by a technically strong study of individual correlations than to a larger
number of ecological studies without that support.

Specificity of Association

This is the degree to which one factor predicts the frequency or magnitude of a single outcome (disease). The more
specific an association, the greater the likelihood that the association is causal. However, perfect specificity is rare, given the
complex nature of most chronic diseases, the overlapping and often ill-defined nutrient composition of the human diet, and
the effects of many dietary components on a variety of organ systems and pathogenic processes. Thus, the committee
generally regarded lack of specificity in diet-disease associations with less importance than clear evidence of substantial
specificity.

Biologic Plausibility

Biologic plausibility requires that a putatively causal association fits existing biologic or medical knowledge. The
committee therefore recognizes that interpretation of this criterion depends to a large degree on current knowledge of the
natural history of a given disease or of its pathophysiological mechanisms. Sufficient biologic evidence contradictory to a
postulated association is, however, strong evidence against causality.

The committee did not find it possible to develop an algorithm or decision matrix to apply these six criteria to specific
problems. Such an approach would require grading the causal criteria for their relative importance, assigning quantitative
weights to the various categories of evidence considered, and standardizing the judgments that are implicit in such models for
inferring cause and effect. The validity and utility of standardization in the present report would be severely restricted by the
multifactorial etiology of the diseases under review and the limited ability to define, observe, and measure the causal
processes involved. As a result, hypotheses about causation were examined case by case, and for each case the application of
the criteria depended on the extent and nature of evidence examined.

SUMMARY

The strengths and weaknesses of different kinds of clinical, epidemiologic, and laboratory studies and the methodologies
for dietary assessment are reviewed above. Accurate assessment of most diet-chronic disease relationships requires that data
from studies in humans as well as in animals be evaluated. Ecological correlations of dietary factors and chronic diseases
among human populations provide valuable data but cannot be used alone to estimate the strength of the association between
diet and diseases. The effect of diet on chronic diseases has been most consistently demonstrated in comparisons of
populations with substantially different dietary practices, possibly because it is more difficult to identify such associations
within a population whose diet is fairly homogeneous. Thus in general, associations within populations based on case-control
and prospective cohort studies underestimate the association. In intervention studies, long exposure is usually required for the
effect of diet on chronic disease risk to be manifested. Furthermore, the strict criteria for selecting participants in such studies
may result in more homogeneous study samples, which limit the applicability of results to the general population. Despite the
limitations of various types of studies in humans, repeated and consistent findings of an association between certain dietary
factors and diseases are likely to be real and indicative of a cause-and-effect relationship.

Experiments on dietary exposure of different animal strains can take genetic variability into account and permit more
intensive observation. However, extrapolation of data from animal studies to humans is limited by the ability of animal
models to simulate human diseases and the comparability of absorption and metabolic phenomena among species. More
confidence should therefore

Copyright © National Academy of Sciences. All rights reserved.
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by placed in data derived from studies on more than one animal species or test system, on results that have been reproduced
in different laboratories, and on data that indicate a dose-response relationship.

Assessments of the strength of associations between diet and chronic diseases cannot simply be governed by criteria
commonly used for inferring causality in other areas of human health. Faced with the special characteristics of studies on
nutrients, dietary patterns, and chronic diseases, this committee first assessed the strengths and weaknesses of each kind of
study and then evaluated the total evidence against six criteria: strength of association, dose-response relationship, temporally
correct association, consistency of association, specificity of association, and biologic plausibility. It assessed the overall
strength of the evidence on a continuum from highly likely to very inconclusive. Overall, the strength, consistency, and
preponderance of data and the degree of concordance in epidemiologic, clinical, and laboratory evidence determined the
strength of the conclusions in this report.
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3—

Dietary Intake and Nutritional Status: Trends and Assessment

Throughout most of history, the quest for sufficient food was the chief occupation of the earth's people. The diet of
Paleolithic hunter-gatherers, before the development of agriculture, is believed to have consisted of approximately 35% meat
and 65% plant foods; no dairy products and practically no cereal grains were consumed. Meat from wild animals contains
low levels of fats (4% in this early diet compared to 25 to 30% fat in today's domesticated animals), and the plant foods in
this early diet consisted of a variety of vegetables and fruits (Eaton and Konner, 1985). The high-meat diet resulted in a high
protein intake, but dietary fat was relatively low and contained more polyunsaturated fats than saturated fats. The intake of
cholesterol, dietary fiber, calcium, and ascorbic acid is believed to have been high, but sodium intake was remarkably low.
The accuracy of these estimates of the diet of hunter-gatherers cannot be established, however.

Two notable revolutions caused major changes in food supplies. The first occurred around 10,000 B.C., when people
began to give up their nomadic ways in favor of living on specific plots of land, existing chiefly on plants they grew and
animals they domesticated. For the first time, dairy products and cereal grains became a part of the diet. Agricultural
innovations evolved slowly at first, but accelerated greatly with the onset of the second important revolution—the Industrial
Revolution of the 1800's. Industrialization gave rise to two new socioeconomic classes: a new middle class of merchants and
managers, who demanded a variety of socially desirable foods, and a new class of industrial workers, who could afford only
the cheapest foods. Although the poverty, poor sanitary conditions, malnutrition, and disease that prevailed among workers in
the industrial cities and towns was a blight on the Industrial Revolution, resources were soon mobilized to meet the food
demands of the middle classes. Eventually the poor also benefited, as increased production and new techniques made cheaper
foods available to them (Tannahill, 1973).

When large numbers of people left farming to work for wages in factories or to become entrepreneurs, there was a
marked change in the kinds and quantities of food that were readily accessible. In the years since the Industrial Revolution,
the U.S. diet has again undergone very large changes. In 1800, 95% of all Americans consumed minimally processed foods
produced chiefly on their own small farms, but by 1900, only 60% of the population remained on farms (Hampe and
Wittenberg, 1964). In less than 175 years, nearly all Americans have become dependent on others to produce and distribute
food to supermarkets where their ability to obtain items they desire is determined largely by their financial resources.

The construction of railroads across the country in the mid-1880s was responsible for changes in

Copyright © National Academy of Sciences. All rights reserved.
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the character of the food supply. Foods were no longer strictly seasonal in nature, because they could be shipped from
different climates. This trend accelerated with the advent of refrigerated railcars and trucks. Innovations in food processing
were also important. In 1869, processed foods consisted chiefly of milled flour and cornmeal, refined sugar, cured meats, and
processed dairy products. Today, in addition to these foods, the consumer finds canned, frozen, fermented, and dehydrated
foods, as well as foods fabricated in the laboratory to resemble traditional foods. These include drinks resembling fruit juices,
but containing no fruit juice, and analogs of meat or fish made from soybeans or wheat gluten. Innovations such as sugared
breakfast cereals and a variety of snack items were unheard of before World War II. Hampe and Wittenberg (1964) estimate
that 60% of the items on supermarket shelves in 1960 came into existence during the 15 years after the end of World War II.
Home refrigerators and freezers also increased the homemaker's ability to select and store a variety of foods. Today's large
supermarkets carry as many as 15,000 different items from which consumers must choose, complicating the task of nutrition
educators.

The next section focuses on changes in the food supply during the twentieth century and describes national surveys to
determine the U.S. population's intake of foods, nutrients, and, to a limited extent, pesticides and industrial chemicals. This is
followed by a discussion of the limitations of the studies and a section on consumption trends.

NATIONAL SURVEYS OF DIETARY INTAKE AND NUTRITIONAL STATUS
Surveys Conducted by the U.S. Department of Agriculture (USDA)

The Food Supply: Historical Data

Changes in foods available to the public from 1909 to the present have been ascertained from USDA data based on the
disappearance of foods into wholesale and retail markets. Annually, foods available to the civilian population are estimated
by subtracting data on exports, year-end inventories, nonfood use, and military procurement from data on total production,
imports, and beginning-of-the-year inventories. These quantities are larger than those actually consumed, because they fail to
take into account losses that occur during processing, marketing, and home use. Since they do not represent actual
consumption, they are referred to here as availability or use of foods or nutrients.

The USDA estimates per-capita use of foods or food groups by dividing total available food by the population of the 50
states and the District of Columbia. The nutritive value of the food supply is calculated from per-capita use by using nutritive
values found in food composition tables. Although these data provide no information on how foods are distributed among
individuals or population groups, or on changes in patterns of waste and other losses, they nevertheless reflect changes in
overall patterns of foods available over time. Furthermore, these data are similar to data produced in many other countries,
and they have been useful in epidemiologic research across countries, such as studies of dietary lipids and atherosclerotic
diseases (Stamler, 1979).

The Nationwide Food Consumption Surveys (NFCS)

NFCS focuses on the food use of households and the dietary intakes and patterns of individuals. These surveys have
been conducted approximately every 10 years since 1935 by USDA's Human Nutrition Information Service (HNIS), but the
first four surveys (in 1935, 1942, 1948, and 1955) obtained information only on household food use over a 7-day period.
These data reflect food use in an economic sense only and do not take into account food waste or how food is distributed
among household members. Beginning in 1965, data have been collected on intakes by individuals. Surveys were conducted
in 1965-1966 and in 1977-1978; separate surveys were conducted in 1977-1978 in Puerto Rico, Alaska, and Hawaii, and
among low-income and elderly populations. The most recent NFCS, 1985 and 1986, were the Continuing Surveys of Food
Intakes of Individuals (CSFII), designed to be conducted annually. The household screening procedures for CSFII were
designed to provide three separate samples: (1) women 19 to 50 years of age and their children 1 to 5 years of age—the core
group; (2) a similar age sample of low-income women and children; and (3) men 19 to 50 years of age. Data have been
published on both the 1985 and 1986 surveys (USDA, 1985, 1986a,b, 1987a,b,c, 1988).

Surveys Conducted by the U.S. Department of Health and Human Services (DHHS)
In the Ten-State Nutrition Survey conducted during 1968-1970, DHHS studied low-income

Copyright © National Academy of Sciences. All rights reserved.
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populations in 10 states (DHEW, 1972). In the biennial Food Label and Package Survey (Woteki, 1986), DHHS studies a
statistically representative sample of packaged food products to obtain information on ingredients and on the extent of
nutrient labeling. Two other DHHS studies—the Total Diet Study, conducted by the Food and Drug Administration (FDA),
and the National Health and Nutrition Examination Survey (NHANES), conducted by the National Center for Health
Statistics (NCHS)—are of greatest interest in the present report.

Total Diet Study

The only national system for studying average intakes of pesticides, toxic substances, radionuclides, and industrial
chemicals is FDA's Total Diet Study. That study also provides estimates of dietary intakes of certain essential elements:
iodine, iron, sodium, potassium, copper, magnesium, and zinc. The extent to which selected age-sex groups (males and
females age 6 to 11 months, 2 years, 14 to 16 years, 25 to 30 years, and 60 to 65 years) are exposed to harmful substances and
to essential minerals through diet can be determined from the results of this annual study.

Four times a year, foods representative of U.S. diets are purchased in grocery stores across the nation and are
individually analyzed in FDA laboratories for the constituents mentioned above. The food items used in the Total Diet Study
through April 1982 were based on data from the 1965 NFCS. Since 1982, the food items have been based on data from the
1977-1978 NFCS and the Second National Health and Nutrition Examination Survey (NHANES II), conducted during
1976-1980 and described below. Revisions to the list of food items have been described by Pennington (1983).

An example of findings from the Total Diet Study was the observation that iodine was present in the food supply in
larger-than-recommended amounts, chiefly because of a higher-than-usual iodine content of milk and cereal grain products
(Park et al., 1981). These findings are discussed in greater detail in the Minerals subsection of Trends in the Food Supply and
Dietary Intakes, below.

Another important finding of that study in the early 1970s was that polychlorinated biphenyls (PCBs) were migrating
into foods through paperboard packaging. Such packaging materials were immediately banned. Since that time, PCBs have
been detected in this study only in minute amounts and then only sporadically (E. Gunderson, FDA, personal communication,
1987).

A 1987 survey conducted by the Food Marketing Institute indicated that 76% of the food shoppers questioned believed
that pesticides in foods constitute a "serious hazard" (Food Marketing Institute, 1987). No pesticide examined in the Total
Diet Study as far back as 1961 has been found in the diet above tolerance levels. However, the FDA's laboratory methods did
not permit analyses of all pesticides that might contaminate foods, and so few samples were taken that rare but high
contamination levels could be missed entirely. According to a National Research Council (NRC) report, 71 to 80% of
pesticides on U.S. markets have been insufficiently tested for carcinogenesis, 90% have never been tested for damage to the
nervous system, and 50 to 61% have not been tested for teratogenicity (NRC, 1984).

A 1987 report from the NRC Board on Agriculture pointed out that government regulation of herbicides, fungicides, and
insecticides needs to be greatly improved to protect consumers from cancer risks due to the presence of these contaminants in
food. Consistent standards are not applied to old and new pesticides, with the result that continued use of some pesticides is
permitted, despite the fact that newer alternative compounds posing smaller cancer risks are available (NRC, 1987).

National Health and Nutrition Examination Survey (NHANES)

NHANES is conducted by NCHS, in part to monitor the overall nutritional status of the U.S. population through health
and medical histories, dietary interviews, physical examinations, and laboratory measurements. Information is obtained about
many medical conditions, including nutrition-related disorders. Among these are obesity, growth retardation, anemia,
diabetes, atherosclerotic cardiovascular diseases, hypertension, and deficiencies of vitamins or minerals. NHANES I was
conducted between 1971 and 1974, NHANES 1II between 1976 and 1980, and the Hispanic HANES (HHANES) between
1982 and 1984. NHANES III, which began in 1988, includes a potential for following people throughout their lives,
surveying them at regular intervals, and using a national death certificate system to establish cause and date of death. It may
also be possible in NHANES III to reexamine respondents to earlier studies. During 1982-1984, reexamination of
respondents who were 25 to 74 years old during NHANES I provided a unique research opportunity for epidemiologists
(Madans et al., 1986).

Copyright © National Academy of Sciences. All rights reserved.
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Nutrition Monitoring in the United States

National Nutrition Monitoring System (NNMS)

In 1977, Congress directed USDA and DHHS to integrate their surveys, and by 1981, the two departments had
developed a Joint Implementation Plan for a National Nutrition Monitoring System (NNMS). The plan was to design a
system for coordinating survey methods and reporting survey findings to Congress through reports from the Joint Nutrition
Monitoring Evaluation Committee (JNMEC) established by the two departments in 1983. In the first report, issued in 1986
(DHHS/USDA, 1986), food intake data from the 1977-1978 NFCS, biochemical analyses from NHANES II (1976-1980),
and USDA's historical food supply data were used to determine food components of public health importance. That report
categorizes some food components as "warranting public health monitoring priority status." Those components are discussed
below in the section on Trends in the Food Supply and Dietary Intakes. Additional details on certain aspects of NNMS were
recently published (DHHS/USDA, 1987), and the second INMEC report will be published in 1989. USDA and DHHS are
also working together to coordinate their survey methods, to publish results promptly, to conduct the NFCS more frequently,
and to add longitudinal aspects to data collection in NHANES.

Coordinated State Surveillance System (CSSS)

The Centers for Disease Control (CDC) contribute to nutrition monitoring through CSSS, in which the nutritional status
of the high-risk pediatric population and pregnant women is monitored on the basis of information obtained from service
delivery programs operated by selected state and metropolitan health jurisdictions. The CSSS provides information about the
prevalence of overweight, underweight, retarded growth, and anemia among high-risk children. Among pregnant women,
data are gathered on anemia, abnormal weight changes, fetal survival, birth weights, and infant feeding practices. In 1986, 34
states, the District of Columbia, and Puerto Rico participated in the pediatric survey, and 14 states, the District of Columbia,
and Puerto Rico participated in the pregnancy survey.

Limitations of NFCS AND NHANES

NFCS and NHANES systematically provide valuable data on the dietary and nutritional status of Americans. Through
them, desirable and undesirable trends in dietary patterns can be monitored, and data can be used to evaluate the need for
group interventions. The limitations in methods used and differences in the design of the two surveys, however, influence the
interpretations and conclusions that can be drawn from the data.

Populations Represented by NFCS and NHANES

The sampling units in NFCS and NHANES are households and individuals within those households; the samples are
designed to represent the civilian, noninstitutionalized population. Excluded are the homeless and residents of hotels,
rooming or boarding houses, dormitories, Indian reservations, military posts, prisons, hospitals, and residential treatment
centers for drug addiction, alcoholism, and obesity. Clearly these surveys were not designed to represent the entire U.S.
population. Omission of homeless and noninstitutionalized people underrepresents the population at greatest risk of
nutritional deficiencies, but the magnitude of this bias has yet to be determined (NRC, 1986).

Data from NFCS generally are drawn from the 48 conterminous states; data from Alaska and Hawaii, when obtained,
have come from separate surveys and are reported separately. NHANES II, on the other hand, included Alaska and Hawaii.
NHANES oversamples low-income groups, but in the past included no respondents over age 75. A recent NFCS of low-
income women and their children has been completed as part of CSFII.

How well do NFCS and NHANES represent the civilian, noninstitutionalized population? The 1977-1978 NFCS was
based on a stratified area probability sample of households in the 48 conterminous states. Of the 20,812 households in the
original sample, 14,930 (72%) completed the household questionnaire. Furthermore, of eligible individuals in participating
households, 81% provided 3 days of dietary information. It is important to know whether nonparticipating households (28%
of the original sample) differ greatly from participating households. Similarly, there would be reason for concern if the
additional 19% of eligible people in participating households who failed to contribute 3-day food intake data were (for
example) less educated or had lower incomes (NRC, 1986). Weighting factors were applied to make the sample more
representative; however, in the absence of studies to determine the bias of nonresponders, the extent to which the 1977-

Copyright © National Academy of Sciences. All rights reserved.
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1978 NFCS is representative of the noninstitutionalized population cannot be known.

The 1985 CSFII was designed to include a stratified area probability sample in the 48 conterminous states. The first
sample of women was obtained from 1,893 households containing at least one age-eligible woman (19 to 50 years old); 1,341
households (71%) provided usable data. For men 19 to 50 years old, one sample was drawn from all income levels, and an
independent sample was drawn to represent households containing at least one man in that age group whose income was at or
below 130% of the poverty guidelines. Of the 744 all-income sample households, 71% participated, compared with 67% of
the 149 low-income sample households. USDA interviewed neighbors to determine whether people who did not participate in
the 1985 CSFII differed from participants (R. Rizek, USDA, personal communication, 1987). Weighting factors were applied
to adjust for nonresponders.

The response rate for NHANES is tabulated for people who participated in the initial interview held in the home, when
medical histories and sociodemographic data were obtained, and who furnished dietary information and were physically
examined in mobile examination centers. In NHANES I (1971-1974), 74% of the original sample completed both parts of the
survey. Two reinterview surveys were conducted to determine reasons for nonparticipation (Forthofer, 1983). Of 27,801
people in the original NHANES II sample, 25,286 (91%) participated in the initial interview and 20,322 (73%) completed all
aspects of the study. The investigation of potential nonresponse bias was more extensive than for NHANES I and indicated
that the poststratification and nonresponse adjustments made by NCHS removed most factors that were potential sources of
bias (Carroll et al., 1983; Forthofer, 1983). It was possible to do only a limited analysis of the characteristics of the 9% of the
original sample who failed to participate in even the first interview. Even when studies of nonrespondents indicate minimal
bias, individual users of these data should be aware that data are missing on 27 and 28% of the samples in NHANES II and
the 1977-1978 NFCS, respectively, and 29 to 33% of the sample in the 1985 CSFII (NRC, 1986).

Comparability of NFCS and NHANES Data

Data from these two surveys are difficult to compare because of differences in the survey designs and methods of data
collection. These differences lie chiefly, but not exclusively, in methods of estimating dietary intake, food composition data
used to estimate nutrient intake, and standards used for determining dietary adequacy.

Methods of Estimating Dietary Intake

The 1-day (24-hour) dietary recall method has been used in NFCS and in NHANES. In the 1965-1966 NFCS, food
intake data were recalled, not necessarily by the specific individual identified to respond to the questions, but by one
designated respondent in each household, usually the person who shopped for and prepared the food. In the 1977-1978
NFCS, all eligible people in a household (except for their small children whose intakes were reported by adults) recalled their
intake on the day before the interview and then recorded their intake on the day of the interview and on the following day,
thus providing information on intake for 3 consecutive days. Standard measuring cups, spoons, and a ruler were used as aids
in estimating quantities of foods consumed. Interviews were conducted on all days of the week; therefore, the data for some
people included weekend days. Studies show that dietary intake on weekends may differ from that on weekdays (Acheson et
al., 1980; Beaton et al., 1979; Richards and Roberge, 1982).

In the 1985 CSFII, data were collected by using the 1-day dietary recall only. Data on women and their children were
obtained on 6 separate days throughout the year at intervals of approximately 2 months. The initial 1-day recall was obtained
by in-person interview; later, recall data were obtained by telephone. At the time of this writing, data on only 4
nonconsecutive days of intake have been published. Men in the 1985 CSFII supplied recall data by in-person interview for
only 1 day.

Respondents in the 1965-1966 and the 1985 NFCS were not notified in advance about the interviews, but they were
notified by letter in the 1977-1978 NFCS. Notification ahead of time may have resulted in more accurate recalls or in
modification of dietary intake, since the letter suggested that respondents should begin to keep records of foods purchased for
the household. This could have affected some people's ability to recall their food intake.

An important change in method was introduced in the 1985 CSFII. Interviewers probed specifically to learn brand
names of processed foods; whether fat on meat or skin on poultry was consumed; whether salt or butter was added to food
during

Copyright © National Academy of Sciences. All rights reserved.
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cooking or at the table; whether food items were eaten during cooking or cleaning up; and if snack items or beverages had
been forgotten. Although these changes were made for appropriate reasons, one needs to keep these differences in mind when
attempting to use NFCS data to study changes in food consumption over time. In addition, we do not know the extent to
which differences in NFCS and NHANES estimates of nutrient intake are due to differences in the extent to which
interviewers probed for specific information.

In both NHANES I and NHANES 11, 1-day recalls were obtained through in-person interviews conducted in a mobile
unit, where laboratory measures (e.g., blood pressure) were also obtained. Three-dimensional food models were used as aids
in estimating quantities consumed. Dietary interviews were conducted in such a way that 1-day intakes were for weekdays
only, and the method of obtaining intakes was the same for NHANES I and II. Respondents supplied information on the
frequency with which foods had been consumed during the preceding 3-month period. This was an attempt to ascertain the
usual pattern of food consumption. In both NHANES I and II, a letter announcing the survey was sent to each household 1
week before the first interview, but the letter informed respondents only of the general purpose of the survey and said nothing
about the plan to obtain information on food intake.

Research is needed on the extent to which differences in methods used by NFCS and NHANES affect the results
reported. These differences include days of the week for which data are collected; the use of probing questions and methods
to aid respondents in estimating portion sizes; assignment of food codes; and privacy during the interview. In NFCS, other
household members could have been present. In NHANES, only the respondent was present with the interviewer (Woteki,
1985).

Limitations of Food and Nutrient Intake Assessment Methods

One of the most difficult tasks in nutrition research is documenting the actual or habitual food and nutrient intake of
individuals or groups. A single 24-hour recall cannot be used to estimate the habitual intake of a person, although it can be
used to estimate the average intake of a group. Problems involved in estimating food intake are discussed at length in
Chapter 2 and are not repeated here.

A recent publication comments on errors in reporting dietary intake and on differences in the distributions of intakes
reported in several recent large surveys (NRC, 1986). These differences were inconsistent across nutrients and suggested bias
in either food intake estimates or food composition data. Systematic biases can affect estimates of nutrient intake; for
example, the failure of the 1977-1978 NFCS to record supplement use resulted in underestimating the intake of vitamins and
minerals.

Limitations of Food Composition Data

In both NHANES and NFCS, food composition data (discussed below) are used to calculate the nutritive value of food
consumed by respondents. The nutrients and dietary fiber reported by the major national surveys are shown in Table 3-1.

The major repository of nutrient composition data for individual foods in the United States is USDA's Nutrient Data
Bank (NDB), sections of which have been published in a revision of USDA Agriculture Handbook No. 8, Composition of
Foods—Raw, Processed, and Prepared. Sources of data for the NDB include studies in the scientific literature, unpublished
reports from federal government and university laboratories, studies contracted by USDA, and data from industry for foods
bearing nutrition labels. Generally, NDB data used in the 1977-1978 NFCS pertained to nutrients in food as purchased (not as
actually consumed) and therefore did not account for losses or modifications due to preparation or processing. In addition to
the NDB data, NHANES has also used data from industry on the composition of new food products and brand-name products
of unique formulation. The data bases of both surveys are updated as new information is obtained. For example, for the 1985
and 1986 CSFII, corrections were made for changes in moisture and fat and for retention of nutrients during preparation (F.N.
Hepburn, USDA, personal communication, 1987).

Little is known about the quantity of some nutrients and nonnutrients in foods because of inadequate analytical methods.
The presence of nonnutrients, such as dietary fiber, in foods has sparked scientific interest, but data on these food constituents
are not yet complete. Table 3-2 makes it clear that there are large gaps in food composition data. When possible, amounts of
nutrients in foods noted in the tables come from actual chemical analyses, but if such data are unavailable, the amounts in the
table are imputed. For nutrients that have been tracked for a long time, such as calcium and protein, the proportion of
analytical data in the tables, as opposed to

Copyright © National Academy of Sciences. All rights reserved.
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C
S Data Source
s 1977-1978 NFCS°¢ NHANES®
8 é Nutrient or Food Historical Household  Individual 1985 1 II  Total Food
E9 Constituent Food CSFII¢ Diet Composition®
2o Supply® Study’
= C
° 9 Water - - - - - - - T
8 2o Energy (kcal) + + + + + 4+ - +
2o ?
=2 Protein, total + + + + S +
T < Amino acids - - - - - .- o0
> g Carbohydrates, total ~ + + + + -+ - +
3 - Sugars + - o - - - - -
£09 Lipids
g ) Total fat + + + + - + - +
E -2 Saturated fat + - - + -+ - .
5 g Oleic acid + - - - -+ .
o §) Total - - - + - - - .
o a
3 < monounsaturated fat
s Linoleic acid + - - - -+ - .
o E Total - - - + - - - .
o O
=2 polyunsaturated fat
25 Cholesterol + - o + -+ - .
25 Vitamins
g 2 A, IU + + + + + o+ - +
= g A, RE - - - - - - - .
S5 Carotene - - - + .- - .
= O E - - - + - - - X
2% Thiamin (B,) + + + + + o+ - +
3 & Riboflavin (B,) + + + + + o+ - +
o S Niacin (preformed) + + + + + o+ - +
20 Pantothenic acid oo - - - - - - o0
o 2 B¢ + + + + - - - +
s 2 Folate . - - - .. .o
£ O By, + + + + - - - +
Es C + + + + + o+ - +
3 2 Minerals
8 Calcium + + + + + o+ o+ +
g Phosphorus + + + + - +
879 Magnesium + + + + B +
E ) Iron + + + + + o+ o+ +
225 Iodine - - - - - -+
Q£ 35 Sodium + - . + -+ o+ +
o 8 5 .
S 8= Potassium + + -+ o+ +
x 5@ Copper - - - + B .o
258 Zinc + - - + - -+ .
= (53 IS Manganese - - - - _ - + oo
:g) < 2 Selenium - - - - - - + -
55 - Chromium - - - - - - + -
a3 Fiber, crude + - - - - _ + +
522 Dietary - - - + - -
S oS Alcoholic beverages - + + + -+ 4+ +
= £ 5
*2 § g NOTE: +, Data reported; -, data not reported; ¢ , nutrient data will be available in revised USDA Agriculture Handbook No. 8 (USDA, in
% J:, £ press); ¢, data incomplete or questionable.
52 @ 2 Table based on information from USDA (1987a) and Woteki (1986).
g g _5 b USDA's food supply data indicating disappearance of food into consumer channels.
I g § ¢ Nationwide Food Consumption Survey (USDA, 1984).
%” 5 B d Continuing Survey of Food Intakes of Individuals (USDA, 1985, 1986b).
% ; 2 ¢ National Health and Nutrition Examination Survey I (1971-1974) and 11 (1976-1980).
c@ E f Total Diet Study of Food and Drug Administration (unpublished data).
2922 ¢ Woteki (1986).
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imputed data, is high, but the proportion is low for nutrients recently added to USDA surveys, such as dietary fiber and
a-tocopherol (Hepburn, 1987). Table 3-2 indicates, for example, that only 64% of the data on vitamin By in all foods in the
data set are analytical values, but a higher proportion (72%) of the data on foods that are best sources of vitamin B¢ represent
analytical as opposed to imputed data.

TABLE 3-2 Percentage of Analytical Data for a Given Nutrient in USDA Primary Data Set (PDS) a

Percentage Percentage
Nutrient All Foods Best Sources Nutrient All Foods Best Sources
Calcium 97 Cholesterol 80
Protein 97 Magnesium 75 72
Fat 96 Zinc 73 79
Thiamin 91 Copper 67 71
Riboflavin 91 Vitamin Bg 64 72
Niacin 91 Vitamin B, 64 70
Sodium 90 Vitamin A (RE) 61 73
Potassium 90 Folate 56 69
Phosphorus 90 Carotene 54 88
Iron 90 Dietary fiber 29 40
Vitamin C 83 92 a-Tocopherol 28 39
Vitamin A (IU) 80 89

2 From Hepburn (1987). The USDA Primary Data Set contains data on basic foods, including ingredients of foods, such as flour.

Although there are ample data on nutrients in commodities, there is little information on highly processed or
manufactured foods such as snack foods, baked products, convenience foods, restaurant meals, fast foods, and frozen dinners.
In addition, knowledge is limited regarding the amounts of vitamin Bg, pantothenic acid, folacin, vitamin E, zinc, copper,
magnesium, manganese, chromium, and selenium in foods (Beecher and Vanderslice, 1984). Information on other substances
of interest, such as carotenoids and dietary fiber, is rapidly accumulating. Lack of information on nonnutrients is of particular
concern for those studying the relationship between diet and cancer.

Food composition tables necessarily show typical values, but the nutrient composition of a specific food portion depends
on many factors; for example, the composition of fresh fruits and vegetables depends on the variety, extent of exposure to
sun, maturity, and transport and storage conditions. Biases in food composition data may result when inappropriate analytical
methods are used (e.g., such as certain methods used in gathering data on fiber) and when a food item is incorrectly identified
(e.g., as skim milk instead of whole milk) (NRC, 1986).

In both NHANES and NFCS, the nutrient values are calculated by matching each reported food to a description in the
survey's food composition data base, then selecting and assigning the appropriate food code. In NHANES II, interviewers
coded the responses on site. In NFCS, coding was done at a central location by persons other than the interviewers. The
extent to which this methodological difference in assigning the codes resulted in different estimates of nutrient intakes in the
two surveys is unknown (Woteki, 1985).

Use and Misuse of Standards of Dietary Adequacy

Standards used in national surveys to judge dietary adequacy differ. In NFCS, the 1980 Recommended Dietary
Allowances (RDAs) were used. NHANES has its own set of standards that are developed by an ad hoc advisory group and
differ from the RDAs in several ways; in particular, standards for vitamin A and calcium are lower.

RDAs have been set for protein, certain vitamins (A, D, E, Bg, B;,, thiamin, riboflavin, niacin, and folacin), and certain
minerals (calcium, phosphorus, magnesium, iron, zinc, and iodine). Because data were inadequate in 1980 to set RDAs for
other nutrients, ranges of Estimated Safe and Adequate Daily Dietary Intakes (ESADDI) were given for three vitamins
(biotin, pantothenic acid, and vitamin K) and for several minerals (copper, manganese, fluoride, chromium, selenium,
molybdenum, sodium, potassium, and chloride).

The RDAs have been often used to interpret survey data on food intake obtained by a single

Copyright © National Academy of Sciences. All rights reserved.
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24-hour recall or by 1- to 3-day food intake records. In discussing the results of such studies, investigators may use cutoff
points to report the number or percentage of respondents whose intakes fall within specific percentiles or cutoff points of the
RDA, e.g., two-thirds or 70% of the RDA for a nutrient, implying that certain segments of the respondent population have
inadequate intakes of the nutrient, or that they are "at nutritional risk." Because these cutoff points are arbitrary, this practice
leads to incorrect estimates of the frequency of adequate and inadequate intakes in the population and is based on
misunderstandings of the appropriate uses of the RDAs and of a single 24-hour recall or 3-day record in food intake studies.

The RDAs are not requirements below which deficiency diseases are apt to develop. Rather, for many nutrients they are
set at sufficiently high levels to cover the needs of practically all healthy people. Since individuals differ in their requirements
for specific nutrients, however, it is impossible to know from a dietary survey which person requires at least the RDA and
which one requires less or possibly even more. Therefore, all cutoff points are misleading, even if the dietary method used
provides accurate data on the customary intake of each person. Many people who rank below the cutoft point actually have
adequate intakes because they require less, whereas some above the cutoff point have too low an intake to meet their needs.
The magnitude and direction of the errors involved in the misuse of the RDAs are not known (NRC, 1986).

As pointed out in Chapter 2, because of the enormous day-to-day variation in the amounts and kinds of foods eaten by
one person, 1 or 3 consecutive days of intake are not representative of usual or customary intake over an extended period.
Thus, although a single 24-hour recall or 1- to 3-day record, if carefully done, may be useful in assessing the average or
median intake of a population group, their use in ranking individuals is inappropriate (Garn et al., 1978; Hegsted, 1972).

In summary, NFCS and NHANES dietary data obtained at different times must be compared cautiously and with full
knowledge of the differences in methods used to gather and summarize data. Food intake data can be compared with
somewhat less difficulty than nutrient intake data.

NFCS and NHANES samples are sufficiently large to detect major public health problems but not to uncover clinical
illness scattered throughout the population. A deficiency or other nutritional disorder would have to affect approximately 1%
of the population—about 2 million people—to be reasonably sure of being detected by these surveys (DHHS/USDA, 1986).

USDA and DHHS recognize the problems described and are attempting to devise solutions to improve comparability of
the two surveys. NHANES III, to be conducted between 1988 and 1994, will oversample (i.e., sample more people in a
subgroup than warranted by their percentage in the general population) the elderly, blacks, Hispanics, and the very young.
Data for the 19871988 NFCS are currently being gathered, and CSFII will cover all sex and age groups beginning in 1989. In
planned nutrition monitoring activities, data on dietary intakes will be collected through 1996. Efforts will be made to
expedite publication of data from these surveys (DHHS/ USDA, 1987).

Problems in Assessing Nutritional Status

Nutritional status has been defined as an individual's health condition as it is influenced by the intake and utilization of
nutrients (Todhunter, 1970). In theory, optimal nutritional status should be attained by consuming sufficient, but not
excessive, sources of energy, essential nutrients, and other food components (such as dietary fiber) not containing toxins or
contaminants.

Traditionally, efforts to detect poor nutritional status have centered on nutritional deficiencies in populations, since
defining or assessing optimal health is difficult. Nutritional deficiency follows a pattern starting with low intake or utilization
of one or more nutrients, then progressing to biochemical abnormalities, abnormal growth, abnormal body mass, and,
eventually, to full-blown deficiency. Poor nutritional status is not confined to undernutrition. It may also result from
excessive intake or inadequate expenditure of food energy, or from excessive intakes of specific nutrients, resulting in acute
toxicity or chronic diseases.

A major problem in interpreting national dietary surveys and their relationship to nutritional assessment for populations,
especially with regard to chronic diseases, is the use of fixed cutoff points, such as a fixed percentage of the RDAs, as criteria
for judging the adequacy of dietary intakes. The Food and Nutrition Board Subcommittee on Criteria for Dietary Evaluation
(NRC, 1986) proposed that multiple criteria be used for assessing adequacy of dietary intake contingent on the intended
outcome. Thus, adequate intake levels might range progressively from those required to maintain high
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tissue concentrations of a nutrient to lower levels needed to just maintain normal metabolic functions or to still lower levels
required to prevent clinical deficiency (NRC, 1986). Clinical or laboratory indicators would be developed for each level of
nutriture so that they could be used in population assessments.

Cutoff points frequently are used in nutritional assessment studies, but as noted earlier in relation to dietary intake, no
single cutoff can separate adequately nourished people from those with nutritional deficiencies. As Figure 3-1 illustrates,
regardless of the cutoff used, the nutritional status of some people will be erroneously classified as deficient, whereas some
individuals with nutritional deficiencies will be classified as adequately nourished. The Food and Nutrition Board
Subcommittee on Criteria for Dietary Evaluation proposed that problems stemming from use of a cutoff point might be
overcome if the distribution of nutrient requirements was compared with the distribution of nutrient intakes in a sample
population (NRC, 1986). This probability approach would allow investigators to make better estimates of the prevalence of
inadequate intakes in a population, but would still not permit the identification of people with adequate nourishment. The
success of this method will depend on development of more accurate estimates of the mean requirement for each nutrient and
its variability in the population, as well as the improvement of methods of assessing dietary intakes. Analogous conceptual
approaches may be used for biochemical assessment of nutritional status (Beaton, 1986).

Many investigators have used regression or correlation analyses to examine the relationship of dietary intake to
biochemical or other indicators of nutritional status within populations, and some have reported no relationship or only a
weak one. Beaton (1986) identified several possible causative factors for this. First is the failure to determine usual dietary
intake, which cannot be accomplished by obtaining only one 24-hour recall from each respondent (as was done in NHANES I
and II) because of the large day-to-day variability in intake by individuals (Block, 1982). Second is the known biologic
variability in nutrient requirements and laboratory indicators at a given level of nutritional status. Third is the variable
sensitivity of some nutritional status indicators across different levels of nutriture. For example, as iron stores increase with
high iron intakes, hemoglobin is no longer a sensitive indicator of iron nutritional status. Thus, only if nutritional status
among subjects varies greatly would it be possible to demonstrate a strong relationship between intake and the laboratory
indicator. If all subjects are adequately nourished with respect to some nutrient, the variability in amounts of the nutrient
required and the normal physiological variability that subjects show in the laboratory indicator may obscure any association
between intake and the laboratory indicator. Beaton (1986) notes that much of the controversy regarding relationships
between dietary intake and nutritional status is due to flawed concepts, which can obscure relationships when they exist and
produce spurious evidence of relationships when they do not. New conceptual frameworks are needed to overcome these
problems.

180 =~

FIGURE 3-1

Difficulties when cutoff points are used to assess nutritional status. Eleven grams of hemoglobin per deciliter is an
arbitrary cutoff for assessing iron status. The lower left-hand curve represents the distribution of hemoglobin levels
among individuals known to respond to increased iron intake. The upper right-hand curve represents the
distribution among those known to have adequate iron intakes. The cross-hatched area above 11 g represents
individuals who are anemic but classified as normal by this cutoff point; the stippled area below 11 g represents
those classified as anemic by this cutoff, but who are not responsive to increased iron intakes. Since the two
distributions overlap, no single cutoff point can separate adequately from inadequately nourished individuals. From
Beaton (1986).

In the past, evaluations of nutritional status have focused chiefly on criteria for prevention of nutrient deficiencies.
Today, there is substantial interest in the association of nutrition with chronic diseases. Excessive intakes of nutrients can
work through normal biologic or metabolic functions to produce some chronic diseases or risk factors for disease. The Food
and Nutrition Board Subcommittee on Criteria for Dietary Evaluation

Copyright © National Academy of Sciences. All rights reserved.
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(NRC, 1986) noted that the probability approach can be used to analyze excessive intakes of nutrients or food components
just as it can be used to assess inadequate intakes (Figure 3-2). To date, little attention has been paid to the frequency
distribution of intakes that are or may be detrimental; this must be remedied before this method can be used. Other
relationships between diet and disease may not fit into this conventional conceptual view, because metabolic functions—
which form the basis of the conceptual framework described above—may not be involved (Beaton, 1986).

3=
7]
3 10 &
FADEDUATE PECOMMD EXCEGSVE 1 §
g PTAKE T ATAKE i
MTAKE 5
. SAFE RANGE OF NTAKE ———=
§ o8 I 0s &
E E
£ ' £
E g o E
a DBSERVED LEVEL OF INTAKE

FIGURE 3-2

The curve on the left, based on a cumulative distribution of requirements, indicates increasing risk of inadequate
intake. The curve on the right indicates increasing risk of excess. The safe range of intake is between these levels.
From Beaton (1986).

Data gathered to assess nutritional status, as in NHANES, are of limited value in evaluating possible relationships
between diet and many cancers because of the long latency periods between exposure and clinical manifestation. In most
cancers—for example, breast cancer—information about intake during the distant past, rather than present intake, is needed.
Problems in obtaining such information are discussed in Chapter 2. Furthermore, causative or protective dietary constituents
—such as nonessential trace elements (cadmium), contaminants (aflatoxins, pesticides), and carotenoids with no vitamin A
activity—may be among many substances that are included in surveys and current food composition tables. Methods by
which foods are stored or prepared may play a role in the causation of cancer, but such data are not generally collected
through NFCS or NHANES.

Objectives and priorities for research on diet and cancer have been identified by a National Research Council committee
in its report Diet, Nutrition, and Cancer: Directions for Research (NRC, 1983). Among other priorities, that committee noted
a pressing need for short-term tests to identify early biologic indicators of exposure to dietary constituents that affect
carcinogenesis. The complexities of studying the relationships of diet to cancer are just beginning to be appreciated, but it is
already obvious that studies must be designed specifically to test hypotheses regarding this relationship.

NHANES and Nutritional Assessment

NHANES is the only national survey providing information on the nutritional status of the population. Four types of
NHANES data are of importance in studies of diet and health: dietary intake, to determine kind and amount of food
consumed and its nutrient quality; anthropometry, to describe growth and body weight patterns; biochemical tests, to
determine nutrient levels in blood and urine; and clinical examinations, to detect signs of nutritional problems. NHANES data
have been used to evaluate the proportion of the population at risk for deficiencies of vitamin A, vitamin C, folate, iron, zinc,
and protein.

Experience gained in NHANES I led to changes in the collection of biochemical data in NHANES II. For example,
because vitamin A deficiency was judged not to be a problem among older age groups in NHANES I, biochemical values for
this vitamin were obtained only for children 3 to 11 years of age in NHANES II. The current interest in vitamin A relative to
cancer risk had not yet emerged. Blood levels of zinc and copper were obtained in NHANES II but not in NHANES I, and
assessment of anemia was intensified in NHANES II by adding several biochemical tests and gathering additional
information in the medical history and physical examination. No attempt was made in either NHANES to gather data on
toxins and contaminants in the diet.

Problems in Using NHANES Data to Study Diet-Chronic Disease Relationships

Although NHANES was designed to examine nutrition and health status in the United States—not to study hypotheses
regarding diet and chronic diseases—some investigators have used NHANES

Copyright © National Academy of Sciences. All rights reserved.
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data to evaluate dietary intake and certain risk factors for cardiovascular diseases (e.g., blood pressure and serum cholesterol
levels) (Harlan et al., 1983, 1984; McCarron et al., 1984; Sempos et al., 1986). Although NHANES data are extensive and
derive from a broad range of measurements, there are some limitations, which affect attempts to use NHANES data in the
study of chronic diseases. The following discussion of limitations is based on publications by Yetley and Johnson (1987) and
by Murphy and Michael (1982).

NHANES provides only cross-sectional, periodic data, which are not suitable for studying causal relationships. Only
longitudinal studies can supply data appropriate for determining causality. Furthermore, because many respondents are under
treatment for medical conditions at the time of the survey, they may have altered their dietary habits and thereby certain
biochemical parameters. In a longitudinal study, their prediagnostic dietary and biochemical data would be known, making
possible more accurate tracking of the influence of dietary intake on the disease under study. Such people must be excluded
from analyses of relationships between diet and disease when using NHANES data.

Certain measurements needed for such studies of diet and chronic diseases may not have been made in NHANES, or the
methods used may have been inappropriate. Furthermore, biochemical measurements are usually evaluated in NHANES
according to specified cutoff points, which are as inappropriate for studies of chronic diseases as they are for judging dietary
adequacy. Erroneous estimates of nutritional risk can result if there are substantial differences in physiological status at a
given biochemical level (e.g., blood level of nutrients).

Investigators who use NHANES data in studies of chronic diseases need to evaluate carefully whether the potential
nonresponse bias (discussed above) and measurement bias will affect their application of the data. In addition, the complex
sample designs and weighting factors must be taken into account when data are analyzed. The use of statistical programs that
assume simple random sampling is rarely appropriate; NHANES investigators have developed computer programs that are
appropriate for the data gathered.

TRENDS IN THE FOOD SUPPLY AND DIETARY INTAKES

Changes in dietary patterns since the turn of the century have been extensive and include changes in sources of calories;
the composition of foods; consumption of. specific food groups, including nonalcoholic and alcoholic beverages; and eating
patterns, such as snacking and eating away from home and the selection of diets that differ from those of the average
American. A discussion of these changes, below, is based on historical food supply data, results from NFCS and NHANES,
and other sources.

Food Energy

Total caloric intake is of interest in epidemiologic studies not only because of its association with body weight, but also
because of implications that it may be involved in the relationship between nutrients and chronic diseases. Whether or not an
individual gains, loses, or maintains body weight depends on the balance between caloric intake and physical activity, body
size, body composition, and probably metabolic efficiency (Sims et al., 1973) (see Chapter 6). These factors largely explain
the differences in energy intake among individuals.

Because individuals vary in their energy needs, there is no satisfactory dietary standard for assessing adequacy of energy
intake. Fully recognizing this fact, investigators in the 1977-1978 NFCS chose the midpoints of the ranges of the
Recommended Energy Intakes (REIs) given by the Food and Nutrition Board in 1980 (NRC, 1980). Food energy intakes
reported in that survey averaged 84% of the REI midpoints. Approximately 25% of the respondents had intakes of the REI
midpoints or greater, and 52% had at least 80% of the REI midpoints.

A comparison of data from national surveys indicates that reported caloric intakes have decreased over time, whereas
body weights have increased. A comparison of 1971-1974 NHANES I data with data from the 1960-1962 Health and
Examination Survey shows average weight increases of 3 Ib for females and 6 Ib for males. Heights also increased over the
same period (Abraham, 1979). The 1977-1978 NFCS data obtained by 24-hour recall showed a decline in caloric intake for
men and women 19 to 50 years of age when compared with 1965 NFCS data (USDA, 1984). The reported energy intakes for
males 9 to 64 years old were 10 to 17% lower in 1977-1978 than in 1965; for females 23 to 50 years old, energy intakes were
9% lower. The average intake reported for females (1,500 to 1,600 kcal/ day) is of concern because of the difficulty in
incorporating all nutrients at recommended levels in a diet so low in calories (Mertz and Kelsay, 1984).

Copyright © National Academy of Sciences. All rights reserved.
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TABLE 3-3 Nutrients Available for Consumption Per Capita Per Day, 1909 to 1985
Percent Change®

Nutrient Unit  1909-1913  1947-1949  1967-1969  1977-1979 1984 1985 1967-1969 1984
to 1985 to
1985
Food energy kcal 3,500 3,200 3,300 3,300 3,400 3,600 9 3
Protein g 99 93 97 98 101 102 5 1
Fats g 124 140 156 158 164 172 10 5
Cholesterol mg 500 570 520 480 480 480 -8 0
Carbohydrates g 493 403 378 391 401 413 9 3
Calcium mg 750 980 900 80 920 920 3 .0
Phosphorus mg 1,480 1,490 1,470 1,470 1,510 1,510 3 1
Magnesium mg 380 340 310 310 320 320 3 1
Iron mg 14.8 15.9 16.2 16.4 18.0 18.3 13 1
Zinc mg 12.7 11.4 12.1 12.0 12.2 12.3 2 1
Vitamin A U 7,200 8,100 7,300 9,100 9,800 9,900 37 2
Vitamin E mg 11.2 12.5 14.3 16.0 16.4 17.6 23 7
a_
TEY
Ascorbic acid mg 101 110 98 108 110 114 16 4
Thiamin mg 1.6 2.0 2.0 2.1 2.1 22 10 1
Riboflavin mg 1.8 23 23 23 24 24 5 0
Niacin mg 19 20 23 25 26 26 14 2
Vitamin Bg mg 22 1.9 1.9 2.0 2.0 2.1 8 2
Vitamin B, ug 7.9 8.6 9.2 9.0 8.9 8.8 -5 -1

2 The last two columns (percent change) are based on rounded quantities of nutrients from foods available for consumption per capita per
day. Data from Marston and Raper (1987).
b g-TE = a-tocopherol equivalents.

As pointed out above, some differences in survey data over time may reflect differences in methods of obtaining data,
yet the reported decline in caloric intake accompanied by weight gain requires some explanation. Decline in physical activity
may have occurred but was not monitored in these surveys. In addition, studies indicate that there may have been some
underreporting of food intake. For example, the USDA's Beltsville Human Nutrition Research Center reported that subjects in
nutrition studies conducted over the past 10 years generally required more calories to maintain body weight on a controlled
dietary regimen (as encountered in the studies) than they reported in dietary records of their usual self-selected diets collected
for 7 days before they entered the studies (Mertz and Kelsay, 1984). Hallfrisch et al. (1982) reported that compared with
caloric intake reported on 7-day records of self-selected diets, male subjects required an average of 500 additional calories
and females 900 additional calories to maintain constant weight on an 18-week controlled diet. The observed differences may
have been due to differences in physical activity, although subjects were cautioned to maintain usual activity. Subjects in this
study were fed in a "modified gorging" pattern, receiving 25% of calories at breakfast and 75% at the evening meal—a
definite change in eating pattern; the influence of this pattern on caloric need, if any, is unknown. Another possible
explanation of the observed difference in caloric intake is that portion sizes were underestimated on the records or that the
requirement to record intake resulted in modification of usual eating patterns (see Chapter 2).

In the 1977-1978 NFCS, the average daily food energy intake for all survey participants was estimated to be 1,826 kcal
based on a 3-day intake. The group with the highest average daily intake, 2,568 kcal, was 15- to 18-year-old males. Men 75
years and older averaged 1,866 kcal. The highest average intake for females was 1,849 kcal for 9-to 11-year-olds. This
declined with age to a low of 1,417 kcal for women 75 years and older based on a 3-day intake. The intake of women 19 to
50 years of age averaged 1,588 kcal/day in the 1986 CSFII based on a 1-day intake, compared with 1,528 kcal/day based on a
4-day intake in the 1985 CSFII and 1,573 kcal/day in the 19771978 NFCS.

Sources of Food Energy

As noted above, historical food supply data represent amounts of foods that disappear into the food distribution system.
These data have provided a way to assess trends in the availability of foods

Copyright © National Academy of Sciences. All rights reserved.
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and nutrients in the food supply since early in this century.
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FIGURE 3-3

Percentage of calories from protein, carbohydrates, and fat from 1909-1913 to 1985. These data fail to present the
entire picture, since food supply data do not include alcohol or grains used in production of alcoholic beverages.
From R.M. Marston, USDA/HNIS, unpublished data, 1986.

The distribution of food energy between carbohydrates and fats in the food supply has changed since the first decades of
this century. The availability of fats has steadily increased (Table 3-3), whereas carbohydrate levels fell from 1909 to 1969
but have increased by approximately 9% since then. Of the percentages of calories provided by the macronutrients, protein
has contributed approximately 11% from 1909 to 1985, while the percentage from fats increased from 32 to 43% and the
percentage available from carbohydrates fell from 57 to 46% (Figure 3-3).

Food groups consisting of grain products and of meat, poultry, or fish supply the largest share of calories in the U.S.
diet. Fats, sweets, and beverages combined contribute about as many calories as fruits plus vegetables or milk plus milk
products, and substantially more than the combination of eggs, legumes, nuts, and seeds (Figure 3-4; see figure caption for
definitions of groups).

Fats, Fatty Acids, and Cholesterol

Dietary fat is of concern in relation to coronary heart disease (CHD), cancer, and possibly obesity. The associations of
saturated, monounsaturated, and polyunsaturated fatty acid intakes with CHD have received particular attention.

The per-capita availability of fatty acids in the food supply increased from 1909 to 1985. This increase was markedly
greater for linoleic acid (which increased 19 g/day) and oleic acid (a 20-g/ day increase) than for saturated fatty acids (a 7-g/
day increase) (Figure 3-5). In 1985, linoleic acid in the food supply accounted for 7% of total calories, oleic acid for 17%,
and saturated fatty acids for 15% (Figure 3-6). Changes since 1909 resulted in a large increase in the percentage of total fat
calories from linoleic acid and a decline in the percentage of fat calories from saturated fatty acids (Figure 3-7). Nevertheless,
saturated fatty acids and oleic acid still make up the highest percentage of calories from fats and of total calories from fatty
acids in the food.

Fat Intake

Does actual fat consumption reflect these food supply changes? Data from NFCS indicate that mean fat intakes by
individuals were lower during 1977-1978 (40.3% of calories) than in 1965 (42.1% calories). The 1985 CSFII for women and
men 19 to 50 years of age indicated that fat intakes continued to decline. As shown in Table 3-4, however, data from
NHANES contradict these results. These data indicate that for women 19 to

TABLE 3-4 Mean Percentage of Total Calories from Fats, Derived from Five Surveys of Women 19 to 50 Years Old in
the United States from 1971 to 19862

Fat (% of total calories)

Age Groups 1971-1974 1976-1980 1977-1978 1985 CSFII, 4-day 1986 CSFII,

(years) NHANESI, 1- NHANES I, 1- NFCS, 3-day (non-consecutive) 1-day intake
day intake day intake intake intake

19-34 36.1 359 40.4 36.6 36.1

35-50 37.0 36.8 41.3 37.0 36.7

All 36.5 36.3 40.8 36.8 36.4

2 From C.E. Woteki, DHHS/NCHS, unpublished data, 1986.

Copyright © National Academy of Sciences. All rights reserved.
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50 years of age, no difference in fat intake occurred between the 1971-1974 and 1976-1980 surveys (NHANES I and II). On
the other hand, data from NFCS show a higher intake of fat in 1977-1978 than NHANES data indicated in 1976-1980 and a
decline in intakes in the 1985 and 1986 CSFII. Thus, all surveys except the 1977-1978 NFCS seem to provide similar values.
The discrepancies between NFCS and NHANES may be explained by systematic biases inherent in methods used in
NHANES, NFCS, and CSFII (Jacobs et al., 1985). Differences in fat intake observed in the 1977-1978 NFCS and 1985 and
1986 CSFIIs may have been due to differences in the type and depth of questions asked in the two surveys. For example, the
CSFII included specific questions concerning the type of fat (e.g., meat fat, poultry skin) consumed, but the 1977-1978 NFCS
did not. Thus, the national surveys fail to tell us whether or not fat intake has really decreased over time.

FOOD ENERGY
PROTEIN
FATS
CARBOHYDRATES | 11%:5% 3% 4 S o3
gtz = i) St
ﬂ'\mm D Eggs. legumes
n Mnt,", . fish Grain products

Milk and mak products exclude burter, soy-based imitation milk and haby formulas, and nondairy creamers. They
include ice ercam and other milk Gesserss, as well a5 cheeses, includsng smitation cheese,

Meats, podiry, and fuk include mixtures such as soup, stews, hash. frosen meats, and sandwiches reported as a
single item

Legnomes, muts, and seeds inclisde sov-based formulas and milk substinure

Gram products include breads, crackers, pasta, gris and other cooked cercals. breakfast cereals, pancakes, cakes.
paes, cookies, pastries, and masn-dish ivems such as pizza, guiche, and roe and pasts mixtures.

Fruits inchude fraes, frutt jurces, tomatoes, and products mads with tomatces sach a5 tomate sauce and catsugp.
Citrus fruir drinks and ades are repomed under beverages.

Vegetables include potatoes, starchy Puerio Rican vegetables, pickles, olives, relishes, vegetable jusces and soups.
and baby food veperables.

Fats and aals include solid and liquid shortenings, mear drppings, nondairy ¢ burter, marganne. and sauces
thae are chiefly far.

Sugars and sweers include candy, wings, jellies, jams, ioes, gelatin desserts, toppungs, and sweet sauces.
Beverages include all types of colfec. tea, soft drinks. and fruit drinks and ades,

FIGURE 3-4
Food sources of energy and energy nutrients in percentages per person per day, as indicated in the 1977-1978
NFCS. Based on data from USDA (1984).

At this writing, the most recent estimates of usual intake are those from the 1985 CSFII survey of women 19 to 50 years
old and their children between the ages of 1 and 5. In this survey, estimates of usual intake were based on 4 nonconsecutive
days of intake obtained by 24-hour recall rather than on only one 24-hour recall (USDA, 1987b). Women consumed a mean
of 36.8% of their calories as fat—13.3% from saturated fat, 13.6% from monounsaturated fat, and 7.4% from polyunsaturated
fat. Children consumed a mean of 34.7% of their calories as fat—13.7% from saturated fat, 12.7% from monounsaturated fat,
and 5.9% from polyunsaturated fat. These are mean values; many respondents consumed higher or lower percentages.

Dietary Food Sources of Fat

Changes in levels of specific fatty acids in the food supply can be attributed to several changes in the availability of
foods. The increase in linoleic acid supplies was due chiefly to the remarkable increase in the use of salad and cooking oils
from 2 to 25 Ib per capita from 1909 to 1985 (Table 3-5). The increased use of margarine and shortening containing vegetable
fat also contributed to supplies of linoleic acid as well as to oleic acid.

Copyright © National Academy of Sciences. All rights reserved.
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ﬁ[ i g bl gep———
BATURATED FATTY ACIDS.
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w FIGURE 3-6

Trends in percentage of total calories from selected
fatty acids in the U.S. food supply. From R.M.
T rr——— Marston, USDA/HNIS, unpublished data, 1986.
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FIGURE 3-5

Trends in per-capita intake of oleic acid, saturated
fatty acids, and linoleic acid in the U.S. food supply
from 1909-1913 to 1985. From R.M. Marston,
USDA/HNIS, unpublished data, 1986.

The contribution of poultry to fat intake greatly increased after 1940. In the meat, poultry, and fish group, however, pork
has contributed the most fat since 1909-1913; beef contributed the second highest amount. Fluid whole milk was the major
source of fat in the dairy products group until 1980, when cheese became the chief source. Table 3-5 indicates that
consumption of fluid whole milk declined by almost 50% since 1967-1969, whereas the consumption of low-fat milk almost
doubled.

Data from the 1977-1978 NFCS and the 19761980 NHANES show that the meat, poultry, and fish group is the primary
source of dietary fats. Sources of fats reported in the 1977-1978 NFCS are shown in Figure 3-4. Fats contributed by grain
products come chiefly from added fats or oils in cakes, pies, pastries, and other baked products. Because the two surveys
differed in the ways foods were assigned to food groups and in the data bases used for calculating nutrients, detailed direct
comparisons cannot be made.

NHANES II data for the total adult population surveyed indicate that on the 1 day surveyed, 13% of total fat and 16% of
saturated fat came from a food group made up of hamburgers, cheeseburgers, meat loaf, hot dogs, ham, and luncheon meats
(Block et al., 1985). Beef items furnished more than 15% of total fat. Approximately one-third of the saturated fat reported
came from meats, and about one-fourth was provided by milk, milk products, and nondairy creamers. Mayonnaise and salad
dressings contributed approximately 15% of the linoleic acid reported; margarine contributed 10%. French fries and other
forms of fried potatoes supplied almost 8% of the linoleic acid consumed (Block et al., 1985).

.r BATURATED FATTY ACICS

Nt N

PERCENT OF FAT HCAL
-3
L

N TR TR TR T D s
Wl TR TS e e

FIGURE 3-7
Trends in contribution of selected fatty acids to percentage of calories from fat in U.S. food supply. From R.M.
Marston, USDA/HNIS, unpublished data, 1986.
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TABLE 3-5 U.S. Food Supply: Trends in Quantities of Foods Available for Consumption per Capita a

Lb/Year Lb/Year
Foods 1909-1913  1967-1969 1985  Foods 1909-1913  1967-1969 1985
Meat, poultry, and fish Vegetables
Beef 54 81 79 Tomatoes 46 36 38
Pork 62 61 62 Dark green and 34 25 31
yellow®
Poultry 18 46 70
Fish 12 15 19 Other
TotalP 171 221 224 Fresh 136 87 96
Eggs 37 40 32 Processed 11 35 29
Total 227 183 194
Dairy products
Whole milk 223 232 122 Potatoes, white
Low-fat milk 64 44 112 Fresh 182 67 55
Cheese* 5 15 26 Processed 0 15 28
Other? 28 100 86 Total" 182 82 83
Total® 339 440 450 Dry beans, peas, nuts, 16 16 18
and soybeans
Fats and oils
Butter 18 6 5 Grain products
Margarine 1 10 11 Wheat products 216 116 122
Shortening 16 23 Corn products 56 15 7
Lard and beef 12 5 4 Other grains 19 13 26
tallow
Salad and cooking 2 16 25 Total 291 144 155
oil
Totalf 41 54 67
Sugar and sweeteners
Fruits Refined sugar 77 100 63
Citrus 17 60 72 Syrups and other 14 22 90
Noncitrus sweeteners
Fresh 154 73 87 Total 91 122 153
Processed 8 35 34
Total 179 168 193 Miscellaneous! 10 17 14

2 Based on unpublished data from R. Marston, USDA, 1986.

b Also includes veal, lamb, mutton, and offal.

¢ Product weight, not calcium equivalents.

d Includes cream; canned, evaporated, and dry milk; whey; yogurt; ice cream and other frozen desserts.

¢ Total given in calcium equivalents, in which cheese and other dairy products are expressed in terms of fluid whole cow's milk having
the same quantity of calcium as the milk product in question.

f Totals may not appear accurate due to rounding.

¢ Includes sweet potatoes.

h Data before 1960 not comparable with data after 1960.

! Includes coffee, tea, cocoa, and spices.

Dietary Trans Fatty Acids

Unsaturated fatty acids in natural foods exist chiefly in the as form, in which the hydrogen atoms are on the same side of
the double bond. When fats and oils are partially hydrogenated during commercial processing, varying amounts of trans
isomers form. In this form, the hydrogen atoms are on opposite sides of the double bond. Although small amounts of trans
isomers occur naturally in milk and butter, the large increase in usage of partially hydrogenated vegetable oils has resulted in
increases in trans isomers in foods during past decades, raising questions concerning possible adverse effects of these isomers
(see Chapter 7).

As yet there are no reliable data on the trans fatty acid intake by the U.S. population, but Hunter and Applewhite (1986)
estimate, based on market share and product composition data, that per-capita availability (not actual consumption) is about
7.6 g/ person per day. An Ad Hoc Review Panel of the Federation of American Societies for Experimental Biology estimated
8.3 g/person per day based on USDA food supply data and published analytical values (Senti, 1985). A higher estimate of
12.1 g/ person per day (8% of total fat) was based on 1972 food supply data (Enig et al., 1978).
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Since estimates of fatty acids available in the food supply are higher than amounts actually consumed, studies of actual
consumption are of interest. In one such study, the fatty acid content of the diet as reported by 7-day food intakes of eight
adolescent females were quantitated by using gas chromatography to analyze duplicate meals. The average daily consumption
of trans fatty acids was estimated to be 3.1 g (6.5% of total fatty acids) (van den Reek et al., 1986). In another study based on
gas chromatographic analysis, Aitchison et al. (1977) found that in the self-selected diets of 11 women 25 to 35 years of age,
trans isomers accounted for an average of 5% of total fatty acids. Since the numbers of subjects were small in these studies
and fails to represent the U.S. population, further research is needed to ascertain the usual intake of these isomers.

Trans-octadecanoic acid (18:1t) is the predominant #rans isomer in foods. In an analysis of 220 samples of 35 food
types, Enig et al. (1983) found that most samples of mayonnaise, salad dressings, and salad and cooking oils contained no
18:1t, unless the label indicated partial hydrogenation of the oil. Margarines varied in 18:1t content as follows (by weight of
fat): stick margarines, 16 to 31%; tub margarines, 7 to 18%; and diet margarines, 11 to 13%. In contrast, cakes, candies, and
frostings varied from 3 to 33%; cream substitutes, from 0.4 to 12%; cookies and crackers, from 2 to 34%; breads and rolls,
from 0.2 to 24%; and puddings, from 28 to 35%. Van den Reek et al. (1986) observed that approximately two-thirds of the
18:1t consumed by their eight adolescent subjects could be calculated using the analyses of Enig et al. (1983).

Dietary Cholesterol

The association of dietary cholesterol with CHD is also of interest. Cholesterol in the food supply increased from 500
mg during 1909-1913 to its highest point, 570 mg, during 1947-1949, but declined by 16% to 480 mg/person per day during
1977-1979, where it has remained (Table 3-3). The decline in the availability of cholesterol was due chiefly to reduced use of
eggs—from a peak of 49 Ib/person per year in 1951 (Welsh and Marston, 1982) to 32 Ib/person in 1985 (Table 3-5). The
1985 food supply data show that equal amounts of cholesterol (40%) came from eggs and from the meat, poultry, and fish
group; 14% came from dairy products (excluding butter); and 5% from fats and oils (including butter) (Marston and Raper,
1987). Beef contributes more cholesterol to the food supply than do other meats (Marston and Raper, 1987).

The average cholesterol intake found in the 1977-1978 NFCS (USDA, 1984) was 385 mg/day, or 214 mg per 1,000
calories. In terms of caloric intake, cholesterol levels were lowest for respondents under age 19; higher for blacks than for
whites; higher for those below the poverty level; and highest in the South and West. The relationship of dietary fats and
cholesterol to blood cholesterol levels is discussed in Chapter 7.

Carbohydrates and Caloric Sweeteners

Carbohydrates are often categorized as complex carbohydrates (polysaccharides, consisting chiefly of starches), dietary
fiber, and mono- and disaccharides (sugars). The major sugars relevant to this discussion are sucrose (table sugar) and
fructose.

Food Supply Data

Carbohydrate availability has declined since 1909-1913, both in absolute amounts (Table 3-3) and as a percentage of
total calories (Figure 3-3). A striking change occurred in the relative proportions of total carbohydrates available from
starches and from sugars. In 1909-1913, the proportion was approximately two-thirds starch and one-third sugar. By 1980,
sugars furnished a little more than one-half the carbohydrates in the food supply. The decline in starches was due to the
marked decrease in use of grain products and potatoes; at the same time, the use of refined sugars, syrups, and other
sweeteners dramatically increased (Table 3-5).

The availability of specific sugars also changed. Sucrose peaked at 102 Ib/person per year in 1971-1972 (Glinsmann et
al., 1986), but declined to 63 Ib in 1985 (Table 3-5). This decline is attributable to the replacement of sucrose in soft drinks
and other products by corn sweeteners, which increased in the food supply from 21 Ib/person per year in 1972 to 58 Ib/person
in 1984 (Glinsmann et al., 1986). This increase was due chiefly to the greater availability of high-fructose corn syrup (HFCS)
—from 1 Ib/person per year in 1972 to 36 Ib/person by 1984 (Glinsmann et al., 1986). By 1985, HFCS in the food supply had
increased another 20% (Marston and Raper, 1987). Thus, over the century, sugar use has changed—from primarily sucrose to
a mixture of sucrose, glucose (largely from corn syrup), and fructose (from HFCS).

Copyright © National Academy of Sciences. All rights reserved.
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TABLE 3-6 Summary of Intake of Sugars a

Mean® 90th Percentile®
Sugars Total Population 14 Age-Sex? Group Range  Total Population 14 Age-Sex! Group Range
Duaily per-capita intake (g/day)
Added® 53 10-84 104 30-155
Naturally occurring 42 33-59 74 60-99
Total minus lactose 80 31-116 139 65-193
Total 95 62-143 160 93-230
Daily intake as a percentage of caloric intake
Added® 11 5-14 20 15-24
Naturally occurring 10 7-27 16 12-38
Total minus lactose 18 15-20 27 25-31
Total 21 18-32 31 27-43

2 From Glinsmann et al. (1986).

b Total may not be equal to the sum of added and naturally occurring sugars due to rounding.

¢ Data represent the 90th percentile value for each category of sugars. Thus, the values of added and naturally occurring sugars cannot be
summed to give the 90th percentile value of total sugars.

d Fourteen individual age-sex groups as identified in the 1980 RDAs (NRC 1980).

¢ Excludes lactose added to infant formulas.

Because of concern about possible effects of increased fructose use on certain chronic diseases or on carbohydrate
metabolism, the FDA established a Sugars Task Force to review and interpret recent scientific studies relative to the health
effects of sugars and sweeteners added to foods. In its report (Glinsmann et al., 1986), the task force pointed out that the true
increase in fructose availability over the past 10 years is more than the food supply data suggest, because approximately 60%
of sucrose added to acidic beverages is converted to glucose and fructose. Such beverages consequently contain more
fructose and less sucrose than food supply data indicate.

Carbohydrate Intake

The 1977-1978 NFCS found that carbohydrate intakes averaged 43% of calories. (These estimates do not include
calories from alcohol.) For children 1 to 8 years of age, carbohydrates averaged 47% of calories, whereas for males and
females 9 to 18 years old, they averaged 45 and 46%, respectively. Individuals below poverty levels had higher carbohydrate
intakes than those above (DHHS/USDA, 1986).

Caloric Sweetener Intake

Using intake data from the 1977-1978 NFCS and a specially developed data base on the sugar content of foods, the
FDA's Sugars Task Force estimated the intake of added, naturally occurring, and total sugars (Glinsmann et al., 1986).
Summaries of the task force's estimates appear in Tables 3-6 and 3-7. Since lactose was not a part of the safety evaluation,
figures are given for total sugars minus lactose, as well as for total sugars including lactose. The 14 age-sex groups chosen
were those used in the Food and Nutrition Board's report Recommended Dietary Allowances (NRC, 1980).

The average daily intake of total sugars (minus lactose) within age-sex groups ranged from 31 to 116 g/day (mean, 80 g/
day). As a percentage of calories, total sugars (minus lactose) averaged 18% of calories, about half of which was contributed
by sugars added to foods. The 90th percentile level of daily intake of total sugars (minus lactose) was 139 g/day (range, 65 to
193 g), or a mean of 27% of calories.

The mean and the 90th percentile values for added sugars were 53 g/day and 104 g/day, respectively, or 11 and 20% of
caloric intake, respectively. Table 3-7 indicates that the mean percentage of total calories from added sugars for all age-sex
groups was 2% for fructose, 6% for sucrose, and 4% for HFCS. The average daily intake of added sugars was highest (13 to
14% of caloric intake) for children 4 to 10 years old, for males 11 to 18 years, and females 11 to 22 years (Glinsmann et al.,
1986).

Dietary Sources of Carbohydrates

The 1977-1978 NFCS data indicate that grain products provide more carbohydrates than other food groups. Grain
products include cereals and

Copyright © National Academy of Sciences. All rights reserved.
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pasta as well as baked products, which contribute both starch and sugar. The sweets group contributed only half the amount
of carbohydrates supplied by either fruits or vegetables, but sugars are added to foods in the grain products, fruit, and
beverage groups (Figure 3-4). Beverages and fruits contribute similar proportions to carbohydrate intake.

TABLE 3-7 Summary of Intake of Specific Sugars a

Mean®
Total Population 14 Age-Sex? Group Range
Daily per-capita intake (g/day)

90th Percentile®
Total Population

Specific Sugar 14 Age-Sex? Group Range

Fructose

Added 10 2-17 23 5-35

Naturally occurring 7 6-8 14 12-16

Total 16 8-24 37 16-43

Sucrose

Added 28 6-43 56 19-80

Naturally occurring 13 9-17 23 18-28

Total 41 14-60 73 31-101

Sugars from corn sweeteners

HFCS 19 3-33 43 10-66

Others 6 1-8 11 3-15

Total 24 4-41 52 13-79
Daily intake as a percentage of caloric intake

Fructose

Added 2 1-3 5 2-7

Naturally occurring 2 1-3 3 2-7

Total 4 3-4 7 5-8

Sucrose

Added 6 3-8 11 9-13

Naturally occurring 3 3-4 5 4-9

Total 9 7-11 14 13-16

Sugars from corn sweeteners

HFCS 4 -6 9 5-13

Others 1 1-1 2 2-2

Total 5 2-7 11 7-14

2 From Glinsmann et al. (1986).

b Totals may not equal the sum of the numbers above them due to rounding.

¢ Data represent the 90th percentile value for each category of specific sugar. Thus, the values above the totals cannot be summed to give
the 90th percentile value for total specific sugars.

4 Fourteen individual age-sex groups as identified in the 1980 RDAs (NRC, 1980).

Beverage Consumption

One of the most striking changes in food consumption patterns in the past two decades is the increased consumption of
soft drinks, citrus juices, beer, and wine, accompanied by decreased consumption of coffee and milk. Data in Table 3-8
indicate that over the past 20 years, the availability of citrus juices and soft drinks increased by 138% each, wine by 123%,
and beer by 23%. Coffee availability declined by 29% and milk by 18%. Data from the 1977-1978 NFCS indicate that on the
3 days surveyed, coffee was consumed by 51% of the respondents, tea by 39%, fruit ades and drinks by 14%, and
decaffeinated coffee by 7% (Pao et al., 1982).

Alcohol Consumption

The data in Table 3-8 on alcohol availability overestimate actual consumption, because they are based on industry
production data and fail to account for wasted beverages due to bottle breakage, spillage, alcohol evaporation when beverages
are used in cooking, and other losses. On the other hand, data from NFCS are underestimates due to underreporting by some
individuals and the inability to assess usual intake over long periods, which results in underreporting by heavy drinkers. The

Copyright © National Academy of Sciences. All rights reserved.
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1977-1978 NFCS indicated that 8% of individuals reported consuming beer or ale at least once in the 3 days surveyed; 5%
reported wine intake; and 3%, distilled liquor (Pao et al., 1982). On the other hand, NHANES II data indicated that on the day
surveyed, a higher proportion of the population consumed alcohol and in larger amounts than were reported by the 1977-1978
NFCS. One possible reason for the discrepancy may be that respondents felt more comfortable disclosing their alcohol
consumption during NHANES interviews because family members were not present (Woteki, 1985). Furthermore, intake on
1 day does not reflect the usual intake of individuals.

TABLE 3-8 Per-Capita Availability of Beverages from 1965 to 1985 a
Per-Capita Availability (gal)

Beverage 1965 1970 1975 1980 1985
Nonalcoholic Beverages

Milk

Whole 28.6 24.8 20.6 16.7 14.0
Other 43 6.7 9.5 11.4 13.1
Total 33.1 31.4 30.1 28.0 27.1
Teab 6.3 6.7 7.5 7.3 .6.8
Coffee® 36.3 334 313 27.0 259
Soft drinks 19.2 23.7 27.3 37.8 45.6
Juices

Citrus 24 3.7 53 52 5.7
Noncitrus 0.8 0.9 .8 1.1 1.6
Total 32 4.6 6.1 6.3 7.3
Total, excluding alcohol 98.1 99.9 102.1 106.4 112.7

Alcoholic Beverages
Resident population

Beer 16.6 19.2 222 252 234
Wine 1.0 1.3 1.7 2.1 2.5
Distilled spirits 1.5 1.8 2.0 2.0 1.7
Total 19.1 224 259 29.3 27.6
Adult populationd

Beer 28.0 31.6 35.1 383 345
Wine 1.7 22 2.7 32 3.8
Distilled spirits 2.6 3.0 3.1 3.0 2.5
Total 322 36.7 41.0 44.5 40.8
Total, including alcohol® 117.3 122.4 128.2 135.2 140.3

2 From Bunch (1987). Soft drink and alcoholic beverage per-capita figures are constructed by the USDA Economic Research Service on
the basis of industry data. Milk, soft drinks, and alcoholic beverages are based on the resident population; coffee and tea are based on the
total population; and fruit juices are based on the civilian population.

® Fluid equivalent conversion factor is 200 6-0z cups per pound of tea leaf equivalent.

¢ Includes instant and decaffeinated coffee. Converted to fluid equivalent on the basis of 60 6-0z cups per pound of roasted coffee.

4 Adult population includes all those 21 years old and older.

¢ Total includes consumption of alcohol based on resident population.

In the Alcohol and Health Practices Survey—a component of the National Health Interview Survey by DHHS—
investigators gathered data on consumption of alcoholic beverages during a 2-week period by adults 20 years of age and older
(Schoenborn and Cohen, 1986). Fifty percent of males and 23% of females reported they had consumed five or more drinks
in 1 day at least once during the year. Thirty percent of the respondents were classified as "lighter" drinkers (0.01 to 0.21 oz
of ethanol/day), 21% were "moderate" drinkers (0.22 to 0.99 oz of ethanol/day), while 10% were "heavier" drinkers (1 or
more oz of ethanol/day). "Moderate" drinkers, by this definition, consumed between 5.5 and 24 oz of beer, between 1.5 and
6.5 oz of wine, or 0.5 to 2 oz of distilled liquor/day. Men were four times more likely to be "heavier" drinkers than women.
About one-third of respondents were abstainers.

Whites were less likely to be abstainers than blacks and other racial minorities. Younger people

Copyright © National Academy of Sciences. All rights reserved.
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were more likely to be drinkers, and they drank more heavily than older people. The more highly educated and those with
higher incomes were more apt to drink and apt to drink more than those with less education and income except that 43% of
those in the lowest income group—<$7,000 year—had consumed five drinks or more on at least 1 day in the past year,
compared with 36% of those whose income was $40,000 or more (Schoenborn and Cohen, 1986).

Heavy alcohol consumption can drastically alter the proportion of calories obtained from carbohydrates, fats, and
protein. An individual who drinks a fifth of a gallon of whiskey daily derives 2,120 kcal from ethanol or 58% of a 3,600 kcal
diet (Scheig, 1970). A study of the alcohol intake of respondents in the 1977-1978 NFCS indicated that on the 3 days
surveyed, alcohol supplied an average of 19% of total calories consumed by drinkers (Windham et al., 1983). There is a need
for better documentation of actual alcohol consumption through national surveys. The present estimates of the percentage of
calories from macronutrients in the diet are in error because of inadequate estimates of alcohol intake.

Alcohol was among the food components given high-priority monitoring status by the Joint Nutrition Monitoring
Evaluation Committee (DHHS/ USDA, 1986). Chapter 16 discusses the health aspects of alcohol consumption.

Drinking Water

Respondents in the 1977-1978 NFCS (USDA, 1984) reported drinking an average of 3.3 cups (8 fl oz/cup) of water per
day on the 3 days surveyed. The median intake was 2.8 cups.

Dietary Fiber

Dietary fiber is composed of complex plant substances that resist digestion by secretions of the human intestinal tract.
The chief difficulty in relating dietary fiber to the occurrence of chronic diseases in populations is the paucity of data on the
amount and kinds of dietary fiber in foods. Until the recent past, data were available in food composition tables only for
"crude fiber"—the residue resulting after foods are treated with acids and alkalies. Since this method of analysis destroys
many components of dietary fiber, crude fiber is an inadequate indicator of dietary fiber in foods.

There are few data on dietary fiber in the food supply or in diets consumed by respondents in 1977-1978 NFCS or
1976-1980 NHANES. The first surveys to include an estimate of dietary fiber were the 1985 and 1986 CSFIIs, but USDA
data are as yet limited regarding dietary fiber in foods. In these surveys, dietary fiber included both the insoluble fraction
(neutral detergent fiber) and soluble fraction (such as gums in cereal grains and pectin in fruits and vegetables). The values
for these fractions were based chiefly on the method of Englyst et al. (1982) and to a lesser extent on that of Prosky et al.
(1985). In 1985, average intake of dietary fiber per day for women 19 to 50 years of age was 10.9 g, for children 1 to 5 years
old, 9.8 g (both based on 4 days of intake), and for men 19 to 50 years old, 18 g (based on a 1-day intake). The 1986 CSFII
(USDA, 1987c¢) indicated that women in the West and Midwest had higher intakes of dietary fiber than those in the South or
Northeast.

Information on dietary fiber in foods is building rapidly as the USDA data base expands. The new USDA Agriculture
Handbook No. 8 when completed will provide more up-to-date data on dietary fiber. Foods highest in dietary fiber include
whole (unrefined) grains and breads made from them, legumes, vegetables, fruits, nuts, and seeds.

Protein

As mentioned above, Figure 3-3 indicates that the food supply has provided about 11% of calories as protein since
1909-1913, or about 100 g of protein per person per day (Table 3-3). A major change over the years in the food supply is the
increased use of animal over plant protein sources. During 1909-1913, about 52% of protein came from animal sources
compared with about 68% in 1982. This change was a result of increased use of meats, poultry, fish, dairy products, and eggs,
accompanied by decreased use of flour, cereal products, and potatoes. Animal products provide almost three-fourths of the
eight essential amino acids in the food supply and contributed 70% of the total protein in the 1977-1978 NFCS (USDA,
1984). Protein available in the food supply is much higher than the RDA for protein, which is 56 g/ day for males 15 years
and older weighing 70 kg and 44 g/day for females in the same age group weighing 55 kg (NRC, 1980).

Protein Intakes

According to the 1977-1978 NFCS, protein intakes averaged 74.3 g/day for all respondents and exceeded the RDA for
all 22 age-sex groups. Race, poverty status, region, urbanization, and season had little influence on dietary protein levels.
Protein contributed an average of 17% of total calories

Copyright © National Academy of Sciences. All rights reserved.
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in both males and females in the 1977-1978 NFCS and in the 1985 and 1986 CSFII. Annual per-capita consumption of beef
and veal changed from 32 kg in 1960 to 36 kg in 1982; consumption of pork remained stable; and poultry consumption
increased from 16 kg in 1960 to 29 kg in 1982 (USDA, 1981, 1983). Other surveys, such as the CSFII (USDA, 1986b), have
found slightly different results based on a 1-day recall. For example, 42% of males 19 to 50 ate beef on a 1-day recall in 1977
whereas 28.3% of this same population ate beef during this period in 1985. The intake of poultry remained the same while
fish intake increased from 8.5% in 1977 to 11.4% in 1985. In 1985, as compared to 1977, meat intakes decreased as income
increased. Low-income people eat more meat than high-income people.
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FIGURE 3-8
Food sources of vitamins in percentage per individual per day. Data from the 1977-1978 NFCS (USDA, 1984).

In the 1977-1978 NFCS, meats, poultry, and fish contributed by far the largest amount of dietary protein (49%); dairy
products and grain products each supplied 18%. The largest part of the food dollar was used to purchase meat, poultry, and
fish; however, lower income households obtained more protein per dollar than higher income households.

Vitamins

Vitamins most often reported in food supply data and in food consumption surveys include vitamins A and C, thiamin,
riboflavin, preformed niacin, vitamin Bg, and vitamin By, (Table 3-1). Data regarding amounts of vitamin E and folic acid in
foods are at present incomplete and of doubtful validity.

Table 3-9 summarizes the 1980 RDAs for specific vitamins, major food sources, availability in the food supply, intakes
by survey populations, and conclusions by the INMEC regarding the adequacy of intakes and current knowledge of the
vitamin status of the population. In Tables 3-9 and 3-10, average intakes are expressed as percentages of the RDAs; the intent
is to indicate the relative amount. Intakes below the RDA should not to be construed as inadequate. Figure 3-8 presents food
sources of vitamins reported in the 1977-1978 NFCS.

As summarized in Table 3-9, the JNMEC accorded priority status to only one vitamin—yvitamin C—due to low serum
levels among some segments of the population in NHANES II. The group also concluded that vitamin A, thiamin, riboflavin,
and niacin warrant continued monitoring and that further investigation of the relationship between dietary intake and
nutritional status is needed relative to vitamin B¢ and folacin.

Minerals

Minerals included in the 1977-1978 NFCS were calcium, phosphorus, magnesium and iron, whereas NHANES II
included all these except magnesium. CSFII included those in the 1977-1978 NFCS as well as sodium, potassium, copper,
and zinc. The Total Diet Study is the only national study at present that includes all those plus iodine, manganese, selenium,
and chromium.

Table 3-10 summarizes information about minerals, including the 1980 RDAs, major food sources, availability in the
food supply, intakes by survey populations, and nutritional status. Figure 3-9 shows food sources of minerals reported in the
1977-1978 NFCS.

Among national surveys, only the Total Diet Study included manganese, selenium, and iodine

Copyright © National Academy of Sciences. All rights reserved.
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TABLE 3-9 Vilumins: A Summary of Major Lood Sources, Availability, Inleke, and Nulritional Stalus

Alternative 1980 RDIA,
Vitamin Names amount per day*
Vitamin A Retingl Children 1o 10
{plas {vitamin A years 400-700 ng
curolencidsy  alcchel) RE®

Males 1151
vears, 1,000 g
RE

Females | [->31
years, 800 ug RE
Progmant women,
1200 g RE
Factating women,
+400 ng RE

Carotenoids  B-Curolene No RDA has been
sef: maasured in
{most RE
plentitul

VitaminT> D, Bitth to |8 years,

16 g

{chole- Males and famales

calciferol)  19-22 years,
2351 years,

Sng

D ferpo-

calcilerol)
73 pg
2351 yeurs,
5 Hg

Vitamin & @-Toco- Tntants, 3-4 mg -

TEx, Children 1-

pherel 10 vears, 5-7 myg
o-TE

o-TE
Males 11-14
Years,
Bmg o-1L

Major Food
Sources

Vitamin A: liver,
egg volk, whole
milk, bulier,
breakfast coreals,
margarines fortified
with vitamin A.

Carotenoids: dark-
preen leaty
vegelables, yellow
vegelables, vellow
feuits. In the 1977-
1978 NECS, fruits
wnd vegetables
Turnished 46% ol
the vitamin A
intake; milk and
grain products
furnished about
13% each.

See ahove.

Fatty figh and fish
oils, egps, butter,
fiver, milk Torlilied
with vitamin LY.
Vitamin Tk also
oblamed by the
action of uliraviotet
light on 7-
dehyvdrochalesterol
in skin.

Oiis from sovbeans,
sunflower, corn,
and cottonseed;
germ ol whole
graing; lish liver
oils; nuts.

Food Supply, Intakes, and
Nutritional Status

Availability in the foed supply rose
37% suring the last 20 years due
chielly W new varietics of
vegelables, such as carrols,
contalning higher amousts of
carotencids.

In the 1985 CSFI, 81%; of
children | to 3 years old and 46%,
ol women 19 Lo 50 years eld
congumed 100% o1 more of the
HIYA tmean of 4 nonconsecutive
days). Men 9 to 30 years old
averuged 122% ol the RDA va the
1 day surveved. Intakes were lower
amaong low- compared to high-
income proups and were highest in
the western Linited States and
lowest in the northeastern region.:

Inthe 1977-1978 NFCS, 30% ol
lae survey population {infaney Lo
75 vears and older) consumed at
least 100% of tha RDA, and more
than 66% had intakes of at least
T0% ol the RDA. Intakes were
highist in the weslern region and
lowest in the South.

INMEC concluded that the vilamin
A intake and nutritional status of
the U185, population appear to be
adequate but that public health
monitoring shoeuld continue. Mean
serum vitamin levels in NILANES
11 were within normal ranges,
regardless of economic level, race,
0T 8CXf

Intakes repotted for the irst thme
in the 1985 and 1986 CSF1ls.
Mean intakes for children 1 1o 3
vears old were 234 RY, and Tor
women 19 to 30 vears old were
342 RE in 1985 (based on a 4-day
intake}. Mean intake by men 19 w0
50 veurs old i 1983 wus 429 RE
{based on a |-day intake), Intakes
by women and men but not by
children were lower in low- than in
high-income groups.

National surveys do not repot
vitamin [ intakes, since little
informuttion s availuble on vilamin
1y in toods.

JINMEC did not diseuss vilamin D

Availobifity in the tood supply
increased from

112 mgo-TE in 1909-1913 w
17.6 mg g-tL in 1985 (Labic 3-3)

due to increased

use of cooking and salad oils.

Copyright © National Academy of Sciences. All rights reserved.
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TABLE 3-9

Vitamin

Alternative
Names

Vitamin E (continued)

Thiamin

Riboflavin

Vitamin B,

1980 RDA, amount per Major Food
day* Sources

Females 11->51 years,
8mg o-TE

Males 15->51 years,
10 mg o-TE

Pregnant women,

10 mg o-TE

Lactating women,

11 mg 0-TE

Generally 0.5 mg/1,000 Whole grains,
keal Infants, 0.3-0.5 mg dried legumes,

Children 1-10 years, pork muscle,
0.7-1.2 mg liver, products
Males 11->51 years, made with

1.2 mg entiched flour.
Females 11->31 years, Highest

1.0-1.1 mg proportion in
Pregnant women, 1978 (1977-
+0.4 mg 1978 NFCS)
Lactating women, came from grain
+0.5 mg products (42%)

and from meats,
poultry, and fish
(24%) (USDA,
1984).

Generally 0.6 mg/1,000 Milk and milk
keal products; whole
Infants, 0.4-0.6 mg and enriched
Children 1-10 years, grain products;

0.8-1.4 mg meat, liver,
Males 11->51 years, poultry, fish;
1.4-1.7 mg dark-green
Females 11->51 years, vegetables. The
1.2-1.3 mg highest
Pregnant women, proportions of
+0.3mg intakes in the
Lactating women, 1977-1978
+0.5mg NCFSe came

from milk and
milk products
(30%), grain
products (28%),
and meat,
poultry, and fish
(24%).

Food Supply, Intakes, and
Nutritional Status

The 1985 CSFII reported vitamin
E intakes for the first time,
despite the fact that a high
percentage of values in food
composition data banks are
imputed.* Children 1 to 5 years
old averaged 5.5 mg ¢-TE, men
19 to 50 years old averaged 9.8
mg ¢-TE, and women 19 to 50
years old consumed an average
of 7.1 mg a-TE. Intakes were
higher among those with higher
compared with lower incomes.
JNMEC did not discuss vitamin
E.r

The availability of thiamin in the
food supply has increased since
1909-1913 due to the addition of
thiamin to highly refined flours
and cereal products (Table 3-3).
In the 1985 CSFII, women and
men 19 to 50 years old
consumed a mean of 0.70

mg/ 1,000 keal, children 1 to 5
years old had a mean intake of
0.79 mg/1,000 keal.

In the 1977-1978 NFCS, the
mean intake for all age and sex
groups was 112% of the RDA.
Dietary intakes were highest for
children up to 8 years of age and
were higher for people 9to 18
years old than for older people of
the same sex. Intakes differed
little by poverty status or region.

IJNMEC concluded that thiamin
intake appears to be adequate but
continuing public health
monitoring is recommended.
Health indicators of thiamin
status were not available from
national surveys.

The availability of riboflavin in
the food supply has increased
since 1909-1913 chiefly because
of the enrichment of grain
products(Table 3-3).

In the 1985 CSFII, the mean
intake for children 1 to 5 years
old was 1.12 mg/1,000 keal, for
women 19 to 50 years old, 0.88
mg/ 1,000 keal, and for men 19 to
50 years old, 0.82 mg/1,000
keal ¢

In the 1977-1978 NFCS, the
mean intake for all ages and sex
groups was 132 % of the RDA;
66% consumed at least 100% of
the RDA. Intakes were lowest for
females 19 to 64 years of age:
only one-half had intakes of at
least the RDA. Intakes differed
little by poverty status, but were
lower in the South and highest in
the West. «

JNMEC concluded that dietary
intakes appear to be adequate but
continuing public health
monitoring is recommended.
Health indicators of riboflavin
status were not available from
national surveys.

Copyright © National Academy of Sciences. All rights reserved.
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TABLE 3-%

Vilumin
Niagin
{only
preformed
niacin—nat
that formed
in the
mulabolism
ol
tryptophan--
I reporied in
national
FUrveys.)

Vitamin B,
{tond
composition
data for B,
are loss
rediable than
is desirable.)

Allernative
Names
Nicotinic
acid
Nicotinamide

Pyridoxine
Pyridoxal
Pyridoxamine

1980 RDA,
amounl

per duy u
Generally 6.6 mg
NE#1,00 keal

Inlanis, 6-8 mg
NE

Children, 1-10
vears, 9-10 mg
NE.

Males 11-51
voary, 16-19 my
NE

Females 11-251
ars, 13-15 my

Pregnant women,
+32

Lacluling
wormen +3
myg NE

Generally (.02
megig of protein
consumed, The
RDA for vitamin
B, assumgs that
the vsual daily
protein lntake for
woinen is 100 g
and for men 110

£
Infants, 0.3-0.6
mg:

Chiidren 1-10
s,
0.9-1.6 mg

Males 11->51
years,

1.8-22 mg
Females 11- 51
oY,

1.8-2.0 mg
Pregnanl womeil,
20 mg +0.6 my
Lacluling
women, 2.0 mg
+0.5 my

Major Vood
Sources
Preformed niagin;
meats, pouliry,
tish; whote and
eaviched geain
products;
legumes; nuts. In
addition, some ol
the tryptophan
present in meats,
pouliry, lish,
cheuse, legumes,
and seeds cun be
converled i the
body Lo niacin.
I'he highest
proporiion of
performed niacin
inlikes in Lhe
1977-1978 NFCS
came [rom meal,
pouliry, and lish
{44%%) and grain
products (30%).

Meat, poultry,
fish;

bananas; and

s, The highest
proportion of
vitamin 1, intakes
inthe 1977-1978
NEFCS came from
muad, pouilry, and
Lish (40%); fruils
and veguetables
{23%: and peain
products (19%).

Lood Supply. Intukes, und
Nuiritiona] Stuluy

Avaiahility of preformed niacin

Inn the faod supply has increased
since 1909-1913, partly becayse
of the enrichment of flour and
cercal products

Tri the 1985 CSFIL, mesn inlake
of preformed wiaclo per 1,000
keal was 10.8 mg NV [or men
19 {6 50 yeurs old and 9.6 mg

NL fur children 1 o 5 years old.s

Inthe 1977-1978 NFCS, the
mean intake for all age and sex
proups was [24% of the RDAL
For the swme age groups, intuke
levels were higher Tor maley
thun Tor lemaley, Tndake levels
were lowesl [or those 940 18
years of age and highest tor
those ages |9 10 64 years. Those
below poverty level had lower
intakes than those of higher
ngceme groups,

INMEC conciuded that the
dietary intakes of the 1.5,
population anpear to be
adequate in niacin but that
public health monitoring should
continue. ealth indicators of
nutritional status have not been
obtained in national surveys'
Availahility of vitamin B, in the
food supply appears w have
decreased from 1909-1913 to
1967-1968, but inceeased by 8%
inthe past two decades {Table
3-3.

In the 1985 {'SFIL, mean intakes
of women 19 to 50 years old
wete 57% of the RDA, whersas
mean imtakes for men 19 10 30
vears old were 83% of the RUIA.
For children 1 to 5 years ald,
muan inlakes were 119% of the
RDA. Intukes were somewhat
higher wmong higher income
eeoups. The mean intake in
terms of mg B6/g protein for
women was 0.019 and for
children, 0,023, 1n the 1977-
1978 NVCS, the mean intake of
all people was 75% of the RDA,
bui females over 14 yeurs old
were between 58 and 63% ol Lhe
RDAL 'The percentage ol the
population having ol least the

B ~to-protein catio was about
33% higher than the percentage
of the population having at least
the RIDA S

INMYEC concluded that hoth the
B, inluke and the status of the
population require furither
Investigation. Heallh indicutors
ol vilamin B, status have nol
been assessed in national
survexs.!

Copyright © National Academy of Sciences. All rights reserved.
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g E TABLE 3-9

< g Vitamin Altemative 1980 RDA, amount Major Food Food Supply, Intakes, and

% - Names per day* Sources Nutritional Status

S © Vitamin Cobalamin  Infants, 0.5-1.5 pg Only foods of Availability of vitamin B,
T c B, Children 1-10 years, animal origin in the food supply

$ % 2.0-3.0 pg supply B,.. Liver,

=8 Males and females muscle meats, increased up to 1967-1969

o 8 11->51 years, fish, eggs, and  but declined 5% by 1985

é ° 3.0 ng milk and milk (Table 3-3).

Z o Pregnant women, products supply

o 8 +1.0pug varying amounts. In the 1985 CSFII, the

8_ . mean intake in the age

> i Lactating women, group 19 to 50 vears was

i +1.0ug 4.85 pg for women, 7.84

g = pg for men, and 3.80 pg

D %‘ for children 1 to 5 years

= £ old. Dietary intakes were

o » positively associated with

g ) economic status and were

= = highest in the northeastern

g 0] region.*

E -2 In the 1977-1978 NFCS,

° o among all age and sex

c ©® groups, 67% consumed

> 87 100% or more of the RDA.

o a Intakes were higher for

_8 2> males than for females and

- O were higher generally for

8 I young adults than for older

© 8 people.

(o8

— T INMEC concluded that

g % vitamin B, intake is

o . adequate. Nutritional

g 8 surveys have not assessed

o £ vitamin B, nutritional

£ 8 status.’

= o Folacin Folic acid Infants, 30-45 pg Liver, dark-green Availabifity of folacin in

oo Folate Children 1-10 years, leafy vegetables, the food supply reached a

= Q 100-300 pg dry beans, peak between 1940 and

8 ° Males and females peanuts, wheat 1950 and has declined

k< g 11->31 years, germ, whole somewhat since that time.

D@ 400 pg grains. Ability to  The current RDA for adults

o © Pregnant women, utilize folacin is higher than the

n < +400 ng depends on the  availability in the food

20 Lactating women, chemical form in  supply.

=0 +100 png food. Losses in

= g cooking and In the 1985 CSFII, average

E < canning can be  intakes for men and women

- very high dueto  19-50 years of age

€ g’ heat destruction.  averaged 305 pg/day and

g = 189 pg/day, respectively.

- © Children 1 to 5 years old

3 g averaged 185pg/day.*

8_ el Folacin intake was not

IS o determined in the1977-

S5 1978 NFCS because data

8 o) were unavailable on many

= 2 foods consumed.s

[

225 INMECT concluded that

QE 5 folacin intake and status

% 8 Qo need to be investigated

c 0= further. The folacin RDA

~ & © may be higher relative to

B :‘ 5 population requirements

2 0w than is the case for other

w < g nutrients. On the basis of

c © B limited data from

‘DO E NHANES I, females 20 to

S % = 44 years of age were

o s 9 judged to be at greatest risk

Rt $ E of developing folacin

- > © deficiencies.

c Gt

g o _8 Comment: The current

= £ 5 method used to analyze for

ST ® folacin in foods fails to

c 8 [) give reproducible results

3 < £ from laboratory to

O s @ laboratory. A relatively

o x © high percentage of values

g 8 g for folacin in the USDA

T o= data base are imputed

%) - 8 rather than measured.*

S5 09 Vitamin € Ascorbic Infants, 35 mg Citrus fruits, Availabitity of vitamin C in

= = g_ acid Children 1-10 years, dark-green leafy  the food supply was 13%

D 5w 45 mg vegetables, higher in 1985 than in

c c = Males and females tomatoes, 1909-1913(Table 3-5).

2ENS :: 11->31 years, potatoes, liver. Fortification of fruit drinks

rE S © 60 mg The 1977-1978  and other foods increased

..— < the supply. In the 1985

Q Clc> kel CSF1, the mean daily

= £ @ intakes were: for children,

LDL e g 84 mg; for women, 77 mg;

o g e and for

298

£ 0o

505

8% g

<5

Copyright © National Academy of Sciences. All rights reserved.
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Vitamin Alternative Names 1980 RDA, amount Major Food Sources Food Supply, Intakes, and
per day* Nutritional Status

Vitamin C Pregnant women, +20 NFCS indicated that men 19 to 50 years old, 104
mg 73% of the vitamin C mg.¢ In the 1977-1978
Lactating women, +40 intake came from fruits NFCS, the mean intake (82
mg and vegetables. mg/day) for the entire

survey population was
above the RDA. Dietary
levels were positively
associated with economic
status.®

JNMEC noted that the
1976-1980 NHANES found
that 3% of the survey
population 3 to 74 years of
age had low serum vitamin
C levels. Subpopulations of
adults who were at high risk
of poor vitamin C status
included consumers of diets
low in vitamin C, cigarette
smokers, and the very poor.
A higher proportion of
males than females had low
serum vitamin C levels.
Vitamin C is accorded
public health monitoring
priority because of low
serum vitamin C levels and
low intakes in some
population groups.f

2 From NRC (1980). Comparisons with the RDA are intended to indicate relative amounts; intakes below the RDA should not be

construed as inadequate.

Y RE = retinol equivalents. One RE = 1 pg of retinol; 6 ug of pl-carotene; 12 ug of other provitamin A carotenoids; 3.33 IU of vitamin

activity from retinol; 10 IU of vitamin A activity from B-carotene.

¢ Historical food supply data from USDA (see Table 3-3).

dUSDA (1986b, 1987a).

¢ USDA (1984).

fDHHS/USDA (1986).

¢ 0-TE = a-tocopherol equivalent; 1 mg d-a-tocopherol = 1a-TE.

" NE = niacin equivalents. 1 NE = 1 mg niacin or 60 mg of dietary tryptophan.

Copyright © National Academy of Sciences. All rights reserved.
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TABLE 3-10 Minerals: A Summary of Major Food Sources, Availability, Intake, and Nutritional Status

Mineral 1980 RDA, amount per day?® Major Food Sources Food Supply, Intakes, and
Nutritional Status
Calcium  Infants, 360-540 mg Milk, cheese, broccoli, dark- Availability of calcium in the food

Children 1-10 years, 800 mg
Children 11-18 years, 1,200 mg
Males and females 19->51
years, 800 mg

Pregnant women, +400 mg
Lactating women, +400 mg

green leafy vegetables such as
collard, turnip, and mustard
greens.

In the 1977-1978 NFCS, 50%
of the calcium intake came
from milk and milk products,
and 22% from grain products
(which contain milk and milk
products).

supply was 23% higher in 1985 than
in 1909-1913(Table 3-3). Today's
food supply furnishes more skim and
low-fat milk, yogurt, and cheese, and
less whole milk than in 1909-1913.
In the 1985 CSFII, 22% of women
19 to 50 years old consumed 100%
or more of the RDA. The mean
intake was 74% of the RDA. Among
children 1 to 5 years old, 45%
consumed 100% and more of the
RDA. The mean intake of men 19 to
50 years old was 115% of the RDA.
For women, the mean intake per
1,000 kcal was 397 mg, a higher
intake than for men (360 mg/1,000
kcal). Black women had a mean
intake of only 55% of the RDA
compared with 77% for white men.
Calcium intakes were lower among
men and women 35 to 50 years,
among those living in poverty, and
among those living in the
northeastern and southern United
States.

In the 1977-1978 NFCS, the mean
intake for the entire survey
population was 87% of the RDA.
The mean intake for blacks was 71%
of the RDA compared with 89% for
whites. Black females between 12
and 64 years old averaged 58% of
the RDA, compared with 72% for
white females in the same age
groups. Mean intakes per 1,000 kcal
were higher for females 19 to 50
years of age (374 mg/1,000 kcal)
than for males the same age (343
mg/1,000 kcal). Calcium intakes
were positively associated with
income and were lower in the
northeastern and southern United
States than in the north-central and
western regions.®

JNMEC noted that NHANES has not
investigated calcium status because
clinical and biochemical indicators
for assessing calcium status are not
applicable to survey populations.
Although postmenopausal white
women are at greater risk of
developing osteoporosis than men,
and women consume less calcium
than do men, factors other than
calcium intake are related to
osteoporosis. These include genetic
susceptibility, age, sex, body weight,
hormonal status, and physical
activity. However, calcium merits
public health monitoring priority
status because of the possible
association of low calcium intakes
among women with osteoporosis in
later life.d

Copyright © National Academy of Sciences. All rights reserved.
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TABLE 3-10
Mineral 1980 RDA, amount per day® Major Food Sources Food Supply. Intakes, and Nutritional Status
Phosphorus Infants, 240-260 mg Mears, milk Availability of phosphotus in the food supply
Children 1~10 years, products, grains, has remained fairly steady throughout the
800 mg phosphate, food century (Table 3-3).
Children 11-18 vyears, additives. In the In the 1985 CSFli, mean intakes per day
1,200 mg 1977-1978 by men and women 19 to 50 vears old were
Males and females 19->>51 NFCS, milk 1,536 mg and 966 mg, respectively.
years, 800 mg produces and Children 1 to 5 years old consumed a mean
Pregnant women, +400 mg meat, poulery, of 992 mg/day. Among women, 63% .
Lactating women, +400 mg and fish each consumed the RDA more.®
contributed 29% In the 1977-1978 NFCS, the mean intake
of the intake; of all people was 134% of the RDA. Intakes
grain products were higher for males than for females, but
contributed 20%. the average intakes of females were above
the RDA. Intakes were somewhat higher
among whites than among blacks and were
positively associated with economic status.
Mean intakes of these groups were above the
RDA, however. Intakes were lowest in the
South and highest in the West.©
INMEC reported no biochemical or other
health indicators for assessing phosphorus
status in national surveys. The phosphorus
intake appears to be adequate.?
Magnesium Infants, 50-70 mg Green vegetables Awailahility in the food supply has declined
Children 1-10 years, {chiorophyil since 1909~1913 (Table 3-3), and roday it is
150-250 mg contains 320 mg/person/day. The decline is due to
Males 1114 vears, 350 mg magnesium), decreased use and refinement of grains and
Males 15-18 years, 400 mg nuts, seeds, dried flour.
Males 19~>51 years, beans, whole In the 1985 CSFIl, mean daily intakes
350 mg grains, and were 193 mg/day for children 1 to 5 years
Females 11~>51 years, meats. Refining old, 207 mg for women (69% of the RDA)
300 mg of cergals results 19 to 50 years old, and 329 mg (94% of the
Pregnant women, +150 mg in large losses. In RDA) for men 19 to 50 years old.
Lacrating women, +150 mg the 1977-1978 In the 1977-1978 NFCS, the avergae
NFCS, food intake for all people was 83% of the RDA;
groups 25% had intakes of at least the RDA.
contributing the Children under 9 years of age had higher .
largest amounts intakes than did older people. For all age
were dairy groups, males had higher intakes than
products, meats, femnales, Intakes were higher for whites than
grain products, for blacks; for both racial groups, intakes
and fruits and were somewhat higher for those above the
vegetrables. poverty line. Intakes were higher in the
West and lowest in the South.®
INMEC concluded that the magnesium
intake and status of the U.S. population
require further investigation. National
surveys have not included biochemical or
other health indicators of magnesium status.?
tron Infants, 1015 mg Liver, red meat, Awailability of iron in the food supply has

Children 1~3 vears, 15 mg
Children 4-10 vears, 10 mg

Children 11-18 years, 18 mg

whole-grain and
enriched grain
products, beans,

risen considerably since 19091913 (Table
3-3), largely due 1o enrichment of flour and
other grain products beginning in the 1940s,

Copyright © National Academy of Sciences. All rights reserved.
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TABLE 3-10
Mineral 1980 RDA, amount per day® Major Food Sources Food Supply, Intakes, and Nutritional Seatus
iron Males 1118 years, 18 mg nuts, and In the 1985 CSFI, the mean daily intke
(continued} Females 112351 years, dark-green leafy for children 1 to 5 vears old was 9.7 mg
18 mg vegetables. In (78% of the RDA): for women 19 to 50
Males 19->51 years, 10 mg the NFCS years old, 10.1 mg (56% of the RDA); and
1977-1978, 35% for men the same age, 15.9 mg (159% of the
of iron in diets RDA). Only 4% of women met or exceeded
came from the RDA.
meats, poultry, In the 1977-1978 NECS, the average *
and fish and intake was 103% of the RDA, but average
33% came from intakes were below the RDA for children 1
grain products. to 8 years old, for males and females 9 1o 18
Absorption of years old, and for females 19 to 64 years old.
the iron in Females 9 to 64 years had the lowest inrakes
meats, poultry, in terms of the RDA; less than 20% of this
and fish is group had intakes that reached the RDA.
greater than in Intakes were higher among those in higher
plant foods. The income groups.”
presence of Clinical and biochemical tests of iron status
vitamin C in a in the 1976-1980 NHANES indicate that the
meal also highest prevalence of impaired fron status
increases iron oceurred among children 1 w 5 years old,
absorption. black females 12 to 17 vears old, and females
Some forms of below poverty level in the age groups 25 to
iron used in 54. A slightly higher prevalence of impaired
enriching or iron status was observed in blacks than in
fortifying foods whites and in children 1 to 5 years old and
ate poorly females 25 to 54 years old who were below the
absorbed. poverty level.®
Neither the About 80% of fernales 19 to 64 vears of age,
RDA nor compared with only 10% of males in this age
national surveys group, reported iron intakes thar failed to
zake into reach their RDA for iton. The iron RDA for
account the women in their reproductive years is quite
extent to which high—clearly, an amount not required by all
iron in food is women. Thus, assessments of iron status are
absorbable. more important than assessments of dietary
intake alone. INMEC concluded that high
priority should be given to public health
monitoring of iton status.?
Zinc Infants, 3-5 mg Shelifish {oysters),

Children 1-10 years, 10 mg

Males and females 11->51
years, 15 mg

Pregnant women, +5 mg

Lactating women, +10 mg

meat, poultry,
cheese, whole
grains, dry
beans, nuts. The
biologic
availability of
zine depends on
the food source
and the presence
of other food
COMPONENts in
the diet. Zinc
from animal
foads is more

Availability of zinc in the food supply
dropped between 19091913 and 1947-1949
but then slowly increased to the present
level of 12.3 mg/person per day (Table 3-3).

In the 1985 CSFH, as percentages of their
RDA, children ! to 5 vears old consumed an
average of 73% and women and men 19 1o
50 years old consumed 56%.%

In the Total Diet Study, men 19 1o 30
years old and teenage boys consumed on
average somewhat more than the RDA. In
percentages of the RDA, girls 14 to 15 vears
old consumed an average of 66%; women 25
to 30 years, 64%; women 60 to 65 years,
57%; and men 60 to 65 years, 84%.f

Copyright © National Academy of Sciences. All rights reserved.
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Major Food Sources

Food Supply, Intakes, and Nurrirional Status

TABLE 3~10
Mineral 1980 RDA, amount per day”
Zinc
{continued)
Copper ESADDI
Infants, 0.5~1.0 mg
Children 16 years,
1.0-2.0 mg
Children 710 vears,
2.0-2.5 mg
Males and females 11->51
years, 2.0~3.0 mg
Sodium ESADDI
-~ (1o con- Infants, 115705 mg
vert mg Children 1-3 years,
of sodium 325975 mg
to sodium  Children 4-6 years,
chioride 450-1,350 mg
{sait] Children 7-10 years,
muleiply 600-1,800 mg
sodium Adolescents, 900-2,700 mg
by 2.5. Adules, 1,100-3,300 mg
To con- {The upper level of 3,300
vert mg mg equates to 1,600 mg
of salr 1o per 1,000 keal based on
sodium, the midpoint of the
multiply Recommended Energy
salt by Intake range for adule
0.40.) females of 2,000 keal.)

absorbable than
zine from plants.

Crab meat, fresh

vegetables and
fruits, nuts,
seeds, legumes.

Salt (sodivm

chioride); cured
meats (ham,
bacon, sausage,
frankfurters,
luncheon mearts);
cheeses, olives;
pickles;
condiment
sauces; frozen
and canned meat
and fish entrees
and dinners;
canned and dried
SOUps;
commercial
pasta, noodle,

In the 1977-1978 NFCS, zinc intakes
were not evaluated due to insufficient data
on the zinc content of foods.®

JNMEC concluded thar zine intake and
nutritional status merit further
investigation.?

A study of serum zinc levels reported in
NHANES I concluded thar dara were -
inadequate to determine whether low serum
zinc levels observed in 2% of males and 3%
of females were related to low dietary
intake.f The RDA for zinc is higher than
tevels in the food supply, and studies of
adulrs on self-selected diets indicate that
average intakes are below the RDA.*

Auwailability in the food supply has not been
estimated.

in the 1985 CSFH, mean intakes for
children 1 to 5 years old were 0.8 mp/day;
for women and men 19 1o 50 years old, they
were 1.0 and 1.6 mg/day, respectively.”

In the Total Diet Study, highest daily
intakes were 1.18 mg for boys 14 to 15 vears
old, 1.24 mg for men 25 to 30 years old,
and 1.17 mg for men 60 to 65 years old.

Farbiar cradiae pomravins 1074 _10R7 b~
SO EIRL QEMALILD WUVCLIME LS ITL Ve gl

indicated intakes below the ESADDLY

Copper intakes were not estimated in the
19771978 NFCS.

JNMEC did not evaluate copper intakes or
status.?

Although overt signs of copper deficiency
are not seen in the general population,
research is needed to determine whether the
ESADDI is unrealistically high and whether
there are any problems related to copper
status in the population.

Awailabiliry in the food supply has not been
reported. Data obtained from table-salt
purchasers, from the use of salt in food
production and processing, from national
surveys, and from urinary sodium excretion
studies suggest a total daily intake of salt in
the United States ranging from 1010 14.5 ¢
per capitz {4,000 to 5,800 mg of sodium).
About one-third of this is estimated to occur
naturally in foods, one-third is added during
food processing, and one-third is added at
home during cooking or at the table.*

In the 1985 CSFII, sodium intake in
mg/1,000 keal averaged 1,415 for children 1
to 5 years old, and for women and men 19
to 50 years old, 1,569 and 1,470,
respectively (excludes sodium added during

Copyright © National Academy of Sciences. All rights reserved.
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Mineral 1980 RDA, amount per day?® Major Food Sources Food Supply, Intakes, and
Nutritional Status
Sodium and potato dishes; salted cooking or at the table, in drinking
snacks; commercial mixes for water, and in medications).
waffles, muffins, and cakes; In the 1977-1978 NFCS, the mean
canned vegetables; frozen for all sex and age groups was
vegetables with sauces; baking 1,540 mg/1,000 kcal. One-third of
powder; baking soda; certain the respondents reported intakes
emulsifiers and other food above 1,600 mg/1,000 kcal; 9%
additives; drinking water in had intakes above 2,000 mg/1,000
some locations; softened kcal. Blacks had lower intakes
water; drugs such as some than did whites. This survey
antacids. underestimated sodium intake for
the same reason as did the CSFII
(above).®
JNMEC found that dietary intakes
of sodium appeared to be high,
particularly since surveys
underestimate intakes. National
surveys have not included health
indicators directly related to
sodium intakes. Sodium merits
priority in consideration of diet
and public health.
Potassium  ESADDI Milk, fruits(especially oranges, Availability in the food supply has

Infants, 350-1,275 mg
Children 1-3 years, 550-1,650
mg

Children 4-6 years, 775-2,325
mg

Children 7-10 years,
1,000-3,000 mg

Adolescents, 1,525-4,575 mg
Adults, 1,875-5,525 mg

(The upper limit of 5,625 mg
relative to an energy intake of
2,000 kcal provides a standard
of comparison of 2,800
mg/1,000 kcal.)

prunes, apples, pears, peaches,
bananas, and grapefruit),
vegetables (especially fresh
broccoli, carrots, tomatoes, and
potatoes), fish, shellfish,
turkey, chicken, and cooked
oatmeal.

not been reported.

In the 1985 CSFII, intakes of
women and men 19 to 50 years
old averaged 1,378 mg/1,000 kcal
and 1,351 mg/1,000 kcal,
respectively, well below the
ESADDI.

Mean intakes per 1,000 kcal were
100-200 mg higher in sodium than
in potassium. Mean intakes of
children 1 to 5 years old were
1,349 mg/1,000 kcal.®

In the 1977-1978 NFCS,
potassium intakes were not
reported.®

In NHANES, 98-99% of
respondents had potassium intakes
below the standard of 2,800
mg/1,000 kcal.!

JNMEC did not consider
potassium. ¢

2 When intakes are expressed in terms of the RDA, the intent is merely to indicate relative amounts. Intakes below the RDA are not to be
construed as inadequate.
Y USDA (1986b, 1987b).
¢ USDA (1984).

d DHHS/USDA
¢ LSRO(1984b)

(1986).

 Pennington et al. (1986).
¢ LSRO (1984c).

h Paterson et al.

(1984); Smith et al. (1983).

i Estimated safe and adequate daily dietary intake (NRC 1980).
i Carroll et al. (1983).

K Fregly (1985).
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(Pennington et al., 1986). The iodine content of foods purchased in grocery stores between 1982 and 1984 was sufficient
to provide dietary intakes markedly higher than the iodine RDA for all age-sex groups. For example, infants 6 to 11 months
of age consumed 400%, 2-year-olds, 657%, and boys 14 to 16 years old, 473% of the RDA for iodine.

o [ EEEES

FIGURE 3-9
Food sources of minerals shown as percentage per person per day. Data from the 1977-1978 NFCS (USDA, 1984).

Although no evidence of adverse effects of present iodine intakes have been observed, the Food and Nutrition Board's
report Recommended Dietary Allowances states that "any additional increases should be viewed with concern" (NRC, 1980).
The report also contains a recommendation that iodophors used in the dairy industry, dough conditioners containing iodine,
alginates, and certain coloring dyes be replaced, if possible, with substances not containing iodine (NRC, 1980).

Iodine is present in seafoods and in foods grown on high iodine soils. During the past 15 years or so, dairy products have
become the chief iodine source in U.S. diets due to the use of iodine-containing substances to clean and disinfect equipment
and to the addition of iodine to the feed of dairy cows. Some dough conditioners used in breadmaking and Red Dye No. 3
used in candies, breakfast cereals, and vitamin pills contain high levels of iodine. However, the iodine in Red Dye No. 3 is
believed not to be absorbed. Many fast foods are also high in iodine (Taylor, 1981). Iodized table salt also contributes to
iodine intake.

Selenium intakes were judged to be within the Estimated Safe and Adequate Daily Dietary Intake (ESADDI) in the
Total Diet Study (Pennington et al., 1986). Manganese intakes were judged to be high in 6- to 11-month-old infants and low
in teenage girls and women up to age 65.

Fluoride is important in the prevention of dental caries, but fluoride intakes have not been determined in any of the large
surveys. Dietary fluoride is provided by seafood and tea leaves, but occurs in relatively small amounts in other foods. The
fluoride content of drinking water, either naturally or artificially fluoridated, is probably the best indicator of dietary
exposure. Not all Americans live in areas where the water supply is fluoridated, however. INMEC concluded that fluoride
should receive public health monitoring status, because not everyone in the U.S. population may consume amounts adequate
to prevent dental caries (DHHS/USDA, 1986).

In summary, INMEC listed sodium, calcium, iron, and fluoride among the nutrients that merit priority in considerations
of diet and public health. It also noted that magnesium and zinc warrant further investigation (DHHS/USDA, 1986).

Fortification and Enrichment of Foods

The term fortification is usually used to designate the addition of nutrients not naturally present in a food (e.g., the
fortification of milk with vitamin D), whereas the term enrichment generally means the addition of nutrients already present
in a food. Often the terms are used interchangeably, however (Quick and Murphy, 1982).

The FDA sets standards specifying the nutrients and their amounts to be added to enrich flour, cereals, and bread
products; standards are also set for the addition of vitamins A and D to milk products and of vitamin A to margarine. State
agencies, not the FDA, are responsible for requiring that specific foods be enriched or fortified. Enrichment of bread and
white flour is mandatory in about two-thirds of the states, but in fact, nearly all white flour in the United States is enriched
with certain B vitamins and iron.

In 1980, the FDA published guidelines to promote the rational fortification of food. Sugars, candies, carbonated
beverages, and other snack foods were considered to be inappropriate for fortification. Fortification was considered to be

Copyright © National Academy of Sciences. All rights reserved.
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appropriate (1) to correct a dietary inadequacy recognized by the scientific community to result in a deficiency disease; (2) to
restore nutrient levels to those present in a food before conventional processing and storage; (3) to adjust the protein, vitamin,
and mineral content of the food to meet specific caloric requirements (i.e., a food must furnish a specific number of calories
per serving); and (4) to ensure that a substitute food is nutritionally similar to the traditional food it replaces (Quick and
Murphy, 1982).

USDA prohibits the direct fortification of meat and poultry, taking the view that these are highly nutritious foods that do
not need additional nutrients. Enriched flour or cereals may be used in meat mixtures, however.

A direct relationship between food fortification and improved nutritional status is difficult to establish because of
problems in controlling all the factors that may contribute to such improvements. Some attempts have been made to assess
the influence of enrichment and fortification on nutrient intake. A survey covering 1966 to 1970 (Friend, 1972) indicated that
nutrients added to the food supply increased the availability of thiamin by 40%, iron by 25%, niacin by 20%, riboflavin by
15%, and 10% each for vitamin A and ascorbic acid. Among foods supplemented at that time were flour and baked products,
cereal products, beverages, milk, infant formulas, margarine, and formulated meal replacements.

In a recent study, Cook and Welsh (1987) used food consumption data from the 1977-1978 NFCS to study the effect of
enriched and fortified grain products on nutrient intake. Enrichment and fortification of grain products were found to provide
32, 18, 20, and 19% of the total intakes of thiamin, riboflavin, niacin, and iron, respectively (Cook and Welsh, 1987). Grain
enrichment led to thiamin intakes averaging 110% of the RDA, rather than the former level of 74%. Fortified breakfast
cereals provided approximately 20% of the added thiamin, niacin, and iron, and about 25% of the added riboflavin for all
respondents.

Fortification and enrichment clearly have made important contributions to the nutrient intake of the U.S. population.
Nevertheless, many nutrition scientists have warned against indiscriminate fortification of foods (Mertz, 1984).

CHANGES IN EATING PATTERNS

Marked changes in the availability and nutrient content of foods in the food supply have occurred in parallel with
lifestyle changes affecting the kinds and amounts of foods consumed. The 1977-1978 NFCS (USDA, 1984) assessed eating
patterns only on 3 consecutive days, and the 1986 NFCS (USDA, 1987¢c) was based on 1 day of reported intake. The resulting
data are inadequate to assess the habitual eating patterns of individuals, but can be used to assess eating patterns of groups.

Eating Occasions

The 1977-1978 NFCS (USDA, 1984) indicated that fewer males and females 19 to 34 years old ate breakfast at least
once in 3 days than did people in other age groups. Children under 12 and adults 65 years old and over were most likely to eat
breakfast. In 1985, 53% of women 19 to 50 years of age and 85% of children 1 to 5 years old ate breakfast on all 4 days of
the survey (USDA, 1987a).

Respondents ate alone on 29% of eating occasions, primarily breakfasts and snacks (USDA, 1984). Nine percent of
respondents packed lunches to eat away from home. Twenty percent of all eating occasions away from home (food obtained
and eaten away from home) were at restaurants, 19% at work, 16% at school, 16% at someone else's home, and 13% at fast-
food places (USDA, 1984).

Eating Away from Home

In the United States, people have been eating away from home at an increasing rate for many years. Data based on a 1-
day intake obtained in 1986 (USDA, 1987c¢) indicated that 57% of women ages 19 to 50 obtained and ate some food away
from home, compared with 45% in 1977 to 1978. On the basis of a 4-day intake in 1985, 88% of women 19 to 50 years of
age reported eating some food away from home on at least 1 of the 4 days (USDA, 1987b). Forty-five percent of children 1 to
5 years old consumed some food away from home in 1986, compared with 30% in 1977 (USDA, 1987c). A larger proportion
of men also reported obtaining and eating food away from home in 1985 than in 1977 (69 vs 53%).

Compared to the foods prepared and eaten at home, the nutrient densities (amount of a given nutrient per 1,000 kcal) of
foods eaten away from home during the 3 days surveyed were lower for nearly all nutrients (USDA, 1984). Ries et al. (1987)
reported the nutritive value of foods consumed at restaurants, fast-food places, and snack bars in grocery or drug stores by
respondents 15

Copyright © National Academy of Sciences. All rights reserved.
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years of age and older who were interviewed in the 1977-1978 NFCS. Nutrient densities were lower for practically all
nutrients in these foods than in food eaten at home except for fat, which was higher in the foods eaten "out." This survey did
not determine the habitual behavior of individual respondents. The authors concluded that the respondents did not eat outside
the home frequently enough to significantly diminish the adequacy of their diets, but cautioned that individuals who do eat
frequently in such places (particularly teenagers and the elderly) are at risk of low intakes of calcium, vitamin A, vitamin Bg,
and vitamin C (Ries et al., 1987).

Snacking

Eating defined by respondents as "a snack, a coffee break, or a beverage break" was practiced by 77% of all respondents
at least once during the 3 days reported in the 1977-1978 NFCS (USDA, 1984). Such snacks provided an average of 18% of
the day's calories and a higher proportion of carbohydrates (23%) than fats (15%) or protein (11%). Preschoolers and
teenagers obtained about 20% of their total caloric intake from snacks. The increased frequency of eating away from home
and increased snacking practices appear to have affected the nutritive quality of diets in a negative way.

Dieting
Respondents in the 1977-1978 NFCS were asked whether or not their food intake on the day of the interview differed
from their usual intake. If so, they were asked whether or not they were on a diet to lose weight. Among females, 11% of

those 15 to 18 years old and 16 to 19% of those 19 to 64 years old answered "yes" to this question. Twelve percent of women
65 to 74 years of age reported they were on weight-reduction diets.

Alternative Diets

The surveys discussed in this chapter indicate that the U.S. population consumes relatively large amounts of meat and
sugar, more refined than whole-grain products, and larger amounts of commercially processed than fresh foods. In contrast,
most of the world's population today subsists on vegetarian or near-vegetarian diets for reasons that are economic,
philosophical, religious, cultural, or ecological. Indeed, humans appear to have subsisted for most of their history on near-
vegetarian diets (ADA, 1980).

During the 1960s and 1970s, interest in diets other than the usual intakes heightened in the United States. Some young
people for the first time became vegetarians. Others following alternative diets include users of whole (minimally processed)
foods or organically grown foods, as well as those who simply try to avoid food additives. Many obtain a large percentage of
their food from health food stores or from small food cooperatives, rather than from supermarkets. Wolff (1973) noted that
such a group in Hawaii avoided such foods as refined sugar, bread and other products made with white flour, white rice,
processed foods containing additives, soft drinks, processed meats and cereals, and coffee. Instead, they bought (in
descending order of frequency) whole-grain products, whole-wheat bread, fresh vegetables and fruits, raw nuts, wheat germ,
brown rice, honey, yogurt, dried fruit, brewer's yeast, and seeds (Wolff, 1973). Their chief reason for adhering to their
alternative diet was that they believed it to be healthier. Today, increased demand for these kinds of foods has prompted
many large supermarkets to offer such foods as brown rice, whole-grain flour, unsalted nuts, seeds, and dried fruit, often in
bulk, as well as additive-free whole-grain breads.

People who call themselves vegetarians vary from those who avoid only red meat, but eat poultry or fish, to lacto-
ovovegetarians (who eat milk and eggs but no flesh foods), to total vegetarians (who eat no foods of animal origin).
Vegetarian organizations generally do not classify as vegetarian those who avoid only red meat. Technically, vegans are
those who not only avoid all animal foods, but use no other kinds of animal products such as wool, silk, or leather.

The first national survey to recognize the increasing interest in vegetarianism was the 19771978 NFCS in which
respondents were asked: "Are you a vegetarian?" Of the 37,135 people surveyed, 464 (1.2%) answered "yes," but since some
of these people reported consumption of flesh foods during the 3 days on which dietary information was obtained, it is not
clear how vegetarianism was defined by the respondents. Data from this survey indicated that vegetarians obtained 15.5% of
their calories from protein, 37.6% from fats, and 47.3% from carbohydrates, whereas nonvegetarians obtained 16.6, 40.6, and
42.6% of calories from protein, fats, and carbohydrates, respectively (USDA, 1984). The nutritive values of the food intakes
of vegetarians and nonvegetarians are

Copyright © National Academy of Sciences. All rights reserved.
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shown in Tables 3-11 and 3-12 as percentages of the 1980 RDAs for various nutrients.

Vegetarians had higher caloric intakes than nonvegetarians, except for women 35 years of age and older, who consumed
72% of the energy requirements for their subgroup, which is 2,000 kcal for women ages 35 to 50; 1,840 kcal for those ages
51 to 64; 1,800 kcal for those ages 65 to 74; and 1,600 kcal for those 75 and over (NRC, 1980). Although mean heights of
vegetarians were similar to their nonvegetarian counterparts, mean weights tended to be lower in vegetarians.

A comparison of Tables 3-11 and 3-12 indicates that vegetarians had lower intakes of protein, preformed niacin, and
vitamin B, than nonvegetarians, but that their average intakes of all three nutrients were above the RDAs. All other nutrients
were, on average, at the same level or higher in vegetarian than in nonvegetarian diets. Average intakes of vitamin B4 and
magnesium were below the RDA for vegetarians and nonvegetarians, but the nutrient data base used to estimate these
nutrients is less well established than that for other nutrients. Intakes of calcium, vitamin A, and vitamin C averaged 20 to
24% higher, and magnesium 14% higher, in vegetarian than in nonvegetarian diets.

Since the RDA for iron is highest (18 mg/day) for females in their reproductive years, it is instructive to compare
average intakes of vegetarian women 19 to 34 years of age with the comparable group of nonvegetarians women. Although
these two groups had comparable energy intakes (78% of the RDA) and comparable iron intakes (60% and 61% of the RDA),
vegetarian women had higher mean intakes of calcium, magnesium, phosphorus, vitamin A, riboflavin, vitamin B, , and
vitamin C and slightly higher intakes of vitamin B¢ and thiamin. Nonvegetarians had higher mean intakes of protein and
preformed niacin, but these nutrients still met or exceeded the RDA in vegetarian diets.

It is possible that the iron in vegetarian diets (all inorganic, if no flesh foods are consumed) is less well absorbed than
iron in nonvegetarian diets, which include heme iron in meat. However, the absorption of inorganic iron is enhanced by the
simultaneous consumption of vitamin C. Iron deficiency anemia appears to be no more prevalent among vegetarian women
than among nonvegetarian women, but further study of iron bioavailability in vegetarian diets is needed.

Groups with the lowest caloric intakes were female vegetarians 35 years of age and older whose energy intake averaged
72% of the RDA. The diets of vegetarian women 65 years old and above were nutritionally inferior to those of nonvegetarian
women of similar age (Tables 3-11 and 3-12). In this age group, vegetarians had lower intakes of protein, iron, magnesium,
phosphorus, thiamin, preformed niacin, vitamin B 4, vitamin By, and vitamin C than did nonvegetarians. However, each of
these nutrients met or exceeded 88% of the RDA in vegetarian diets except magnesium (68%) and vitamin By (52%) for
which the intake was also below the RDA for nonvegetarians (75 and 62%, respectively.)

DO FOOD CHOICES IN THE UNITED STATES REFLECT A CONCERN ABOUT HEALTH?

Scholars of dietary behavior have long recognized that although biologic functioning is related to one's lifetime food
intake, complex economic, social, political, and cultural factors govern food choices. Specialists who seek the cooperation of
designated respondents in nutrition surveys or who endeavor to change food habits to provide good health must appreciate
fully the fact that food choices have strong symbolic, emotional, and cultural meanings (Sanjur, 1982).

One of many factors affecting food choices is the individual's belief about the health or nutritional benefits or harm
associated with specific choices. Investigators working in the area of diet and chronic diseases consequently have focused
their attention on ways to modify belief systems to effect desired changes in food choices. In recent years, national campaigns
have been launched to inform the public about the association between dietary salt/sodium and hypertension; between dietary
fat/ saturated fat and cholesterol and heart disease; and between dietary fats and fiber-containing foods and certain cancers.
The National High Blood Pressure Education Program began at the National Heart, Lung, and Blood Institute (NHLBI) in
1972, and major efforts to inform the public about the link between sodium/salt and hypertension began in 1981. The
NHLBI's National Cholesterol Education Program was launched in 1984 to educate the public about the relationship of
dietary fat/saturated fat and cholesterol to high blood cholesterol—a major risk factor for CHD. The National Cancer Institute
began a program in fall 1984 to encourage the public to reduce fat intake and increase fiber intake in an effort to reduce the
risks for breast and colorectal cancer.

Copyright © National Academy of Sciences. All rights reserved.
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PUBLIC OPINION SURVEYS ABOUT DIET AND HEALTH

FDA and the National Institutes of Health (NIH) periodically have conducted public opinion surveys to evaluate the
effectiveness of these public information programs. These telephone surveys reach a sample of approximately 4,000
consumers chosen to be representative of the U.S. population. These results indicate that by 1986, two-thirds of adults in the
United States had heard about a relationship between salt/sodium and hypertension; 44% reported that they studied package
ingredient lists to avoid or limit salt/sodium; and 61% reported purchasing low-sodium products at least once. Many food
manufacturers responded to consumer demands not by lowering salt/sodium in their basic line of products, but by introducing
new sodium-reduced products (Heimbach, 1985).

Public perceptions that risks for heart disease may be affected by diet also grew: from 58% of the respondents in 1982 to
76% in 1986. Furthermore, beliefs that dietary fats and cholesterol are related to heart disease risks became widespread
among the respondents: from 29% for fats and 26% for cholesterol in 1982 to 43 and 40%, respectively, in 1986. In response
to the question, "What things that people eat and drink might make them more likely to get cancer?" 19% named fats or fat-
containing foods in 1986, compared with only 12% two years earlier. To the question, "What things that people eat or drink
are likely to prevent cancer?" 22% in 1986 compared with 10% in 1984 answered vegetables/fruits; 32% in 1986 compared
with 9% in 1984 answered fiber/bran/roughage/ whole grains. The latter response was attributed to the $75 million
advertising campaign for high fiber breakfast cereals launched in fall 1984 (Heimbach, 1985).

Although self-reports of behavior are apt to be misstated, sales data show declining use of red meats, butter, whole milk,
and eggs and increased sales of fresh produce and high-fiber cereals (but not whole-wheat bread). In addition, 61% of
respondents in the FDA and NIH public opinion surveys (Health and Diet Surveys) reported major dietary changes between
1984 and 1986 in an effort to prevent heart disease or cancer. Reported changes included reducing fat intake, primarily by
eating less meat, and reducing intakes of salt, cholesterol, and sugar. At the same time, the respondents reported consuming
more fresh vegetables, fruits, fish, poultry, grain products, and bran. The survey indicated that those most knowledgeable and
most apt to avoid or limit consumption of substances believed to be linked to health problems were better educated, had
higher incomes, and were between 30 and 45 years of age (Heimbach, 1985).

A recent study of NHANES II data (19761980) indicates that on the 1 day surveyed, a relatively small percentage of
respondents consumed foods recommended as possibly protective against cancer by a committee of the National Research
Council (NRC, 1982) and the American Cancer Society (ACS, 1984). Only 18% of the respondents reported they consumed
cruciferous vegetables (e.g., cabbage, Brussels sprouts, cauliflower), 21% reported eating fruits and vegetables high in
vitamin A, and 16% reported the consumption of breads and cereals high in dietary fiber (Patterson and Block, 1988). A
larger percentage reported they consumed red meats (55%); 43% reported eating bacon and luncheon meats. Diets of females
were closer to the recommended guidelines than those of males. Older people were closer to the guidelines than younger
people, and blacks were closer than whites, because blacks consumed more vegetables, fruits, fish, and poultry than did
whites. These data do not represent the usual dietary intake of individual respondents, since only 1 day of dietary intake was
obtained. Surveys being conducted by USDA and DHHS will provide additional data on food choices relative to dietary
recommendations.

SUMMARY

In the United States, food patterns have changed significantly since 1909, when USDA began to collect data on the food
supply. These data represent foods, excluding alcohol, that disappear into civilian markets—not actual consumption—but
they reflect changes in overall patterns of food use by the population over time. Between 1909 and 1985 the percentage of
calories available in the food supply from fats increased from 32 to 43%, the percentage from carbohydrates declined from 57
to 46%, and the percentage from protein remained unchanged at 11%.

Saturated and monounsaturated fatty acids provide the highest percentage of calories from fat in the food supply,
although the availability of polyunsaturated fatty acids greatly increased over the years due to wider use of oils and
margarines. Compared to 1909-1913, the food supply in 1985 furnished larger amounts of beef, poultry, fish, dairy products,
fats, oils, fruits, sugars, and sweet
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eners, but furnished lower amounts of eggs, vegetables, potatoes, and grain products.

Public health agencies and several expert groups concerned with diet and health in the United States have urged the
public to decrease total fat intake to approximately 30% of total calories. Whether or not actual consumption has decreased
over the years is uncertain, however, because data from NFCS and NHANES fail to agree on this point.

NHANES monitors the overall nutritional status of the U.S. population, whereas NFCS determines the food use of
households and the dietary intakes and patterns of individuals. Although these surveys have provided valuable data regarding
the dietary intake and nutritional status of the population, some limitations in methods used and differences in design of the
two surveys must be taken into account when interpreting their results and drawing conclusions. Furthermore, cross-sectional
data traditionally provided by these surveys are unsuitable for studying causal relationships between dietary factors and
chronic diseases. Data appropriate for studying causality can be supplied only by longitudinal studies, which are included in
plans for NHANES III.

JNMEC was established by USDA and DHHS in 1983 to coordinate the survey methods used by the two departments to
report their findings. The first report, issued in 1986, provides food intake data from the 1977-1978 NFCS and information on
nutritional status based on biochemical analyses from NHANES II (1976-1980). JINMEC concluded that food components
deserving high-priority monitoring status because of high consumption by a considerable portion of the population include
food energy, total fats, saturated fat, cholesterol, sodium, and alcohol. Nutrients deserving high-priority monitoring because
some portions of the population appear to have low intakes are vitamin C, calcium, iron, and fluoride. The group concluded
that protein, vitamin A, thiamin, riboflavin, niacin, total carbohydrates, vitamin B,,, and phosphorus should continue to be
monitored. In addition, added caloric sweeteners, fiber, vitamin Bg, folacin, magnesium, and zinc were judged to require
further investigation since data regarding intake and nutritional status are inadequate at present.

Information on food composition and criteria for assessing nutritional status are incomplete for most nutrients. INMEC
noted that the most complete information exists for food energy, vitamin C, iron, protein, and vitamin A. For all other
nutrients listed above, there is a need for more accurate information about the occurrence of the nutrient in foods and methods
of nutritional assessment.

Women in their reproductive years constitute a group at risk for nutritional inadequacies because their total caloric
intakes tend to be low, while their needs for certain nutrients may be high because of menstrual losses and increased
requirements during pregnancy and lactation. Consequently, USDA surveys (NFCS and CSFII) in 1985 and 1986 focused on
women 19 to 50 years of age and their children 1 to 5 years of age.

The USDA used the 1980 RDAs as a standard of comparison in reporting their data, fully recognizing that failure to
reach this standard does not indicate inadequate intake, since the RDAs for many nutrients are deliberately set to exceed the
requirements of most individuals. According to the 1985 survey (based on 4 nonconsecutive days of intake), women's mean
caloric intake was only 1,528 kcal, but their mean intakes were above the RDA for eight nutrients (protein, vitamin A,
ascorbic acid, thiamin, riboflavin, preformed niacin, vitamin B, and phosphorus). Their mean intakes were below the RDA
for vitamin E (87%), calcium (74%), magnesium (67%), vitamin By (57%), iron (56%), zinc (56%), and folacin (46%). On
the basis of only one 24-hour dietary recall, male respondents 19 to 50 years of age reported a mean caloric intake of 2,838
kecal and intakes equal to 98% or more of the RDA for all nutrients listed above except magnesium (94%), zinc (94%),
vitamin Bg (85%), and folacin (76%). Clearly, a major reason that the diets of women are relatively lower in many nutrients
than the diets of males is that total caloric intake by women is lower.

Although better-educated, higher-income people appear to be altering their diets in the direction advocated by public
health experts, national surveys and other studies indicate that intakes of total fats and saturated fats generally are higher than
recommended. White bread is by far the favorite kind of bread, and sweet baked products such as cookies and cakes are very
popular. Carbonated soft drinks containing either caloric or noncaloric sweeteners are consumed in large amounts. Alcoholic
beverages also contribute calories to the diet, but the extent of actual consumption is uncertain at present because of reporting
methods. Fruits, vegetables, and other foods high in dietary fiber are consumed in relatively low amounts. Consumption of
cruciferous vegetables such as cabbage, Brussels sprouts, broccoli, and cauliflower is relatively low

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/1222.html

o
=}
2

=
o
2
@
2]

X
[
)
2

S
o
(o)
@

o
@

o

=
(®))

£

=

£
[
%]
[0
Q.
>

2

©

£

2
=
o
o)

<

s
£
S

E

-
o
e

i~
o
o)

a
=
0]
o
I
o

©

£

2
=
o
o

<

=1
£
o
2

E

°
9]

)
@
)
2
G
0

Qo

=

-

=

X
£
o
2

E

°
[0
%]
o
Q.
£
9
o
)
2
C
[0
o)

o]
(%2}
@

c

=~
<
o
2

©
£

2
=
o
o

<

=]

b
o
c

kel

=1
T

8
c
[
%]
o
2
Q.
0
2

©

=

2

S
2
@)
c

B2

c

'_

é

=

L

[a]

o

R

<

=]
=
=}
o

a

<

and other typesetting-specific formatting, however, cannot be retained, and some typographic errors may have been accidentally inserted. Please

to the original; line lengths, word breaks, heading styles

use the print version of this publication as the authoritative version for attribution.

hronic Disease Risk

DIETARY INTAKE AND NUTRITIONAL STATUS: TRENDS AND ASSESSMENT 82

as are intakes of carotenoid-containing foods such as carrots, sweet potatoes, and winter squash.

Extensive changes in eating patterns have occurred over the century, including marked increases in eating away from
home and in snacking. Dieting to lose weight is practiced by many people, especially females. Deviations from recommended
dietary guidelines have persisted, and in some instances increased, despite the overall growth in variety of commonly
available food, improved transportation and storage of fresh foods, increased disposable income, and greater public and
professional knowledge about dietary needs to maintain good health and nutrition.
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4—

Genetics and Nutrition

Studies have demonstrated remarkable genetic diversity among humans. No two individuals on this planet are alike
genetically, except for identical twins, and even they vary because of somatic mutations in the immune system. The well-
known individual uniqueness of physiognomic features extends to a variety of genetically determined biochemical and
immunologic characteristics. Such traits include blood groups and tissue histocompatability antigen (HLA) types as well as
enzymatic and other proteins. More recently, extensive variability in noncoding DNA has been described.

The variability of enzyme levels within the normal range in a population often has a simple genetic basis—different
structural alleles at a gene locus that specify slightly different mean enzyme levels (Harris, 1975). The widely variable but
unimodal distribution of activity for a given enzyme in a normal population may be the sum of overlapping curves, each
characteristic of its underlying allele.

No general predictions regarding the impact of genetic variation on nutrition, health, and disease can be made. Every
genetic system has a different evolutionary background and must be investigated separately.

APPLICABILITY TO NUTRITION

Assessments of human nutrition are not complete without consideration of the underlying genetic variability, which may
be reflected as differences in nutritional processes such as absorption, metabolism, receptor action, and excretion (Velazquez
and Bourges, 1984). Inborn differences in the activity of enzymes and other functional proteins contribute to variations in
nutritional requirements and to the differential interaction of certain nutrients with genetically determined biochemical and
metabolic factors. This inborn variation is quite different from epigenetic variation under conditions of growth, pregnancy,
and old age. Genetic variation may also affect food likes and dislikes and, as a consequence, nutrition. For example, the
inability to taste the synthetic chemical phenylthiocarbamide is a common monogenic trait that makes a large portion of the
population unable to taste this chemical that others find quite bitter (Harris and Kalmus, 1941). Other examples, such as
variability in the tasting of artificial sweeteners, are less well studied.

A key question of significance to nutrition is the extent of variation for a given gene product. Small variation can often
be disregarded when making recommendations on nutrition, whereas wide variation cannot be ignored. The number of people
affected by the variation is also important for policy setting. In the case of a monogenic variant, common genetic
polymorphisms become important, especially when many people are affected. Rare variants affecting only a few people may
pose

Copyright © National Academy of Sciences. All rights reserved.
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a problem if their health would be placed at risk under circumstances conferring benefits to the health of most of the
population.

Nutritional factors may have played a role in human evolution by selecting for certain genotypes (Neel, 1984). Thus,
periods of starvation may have favored genotypes predisposing to hyperlipidemia and noninsulin-dependent diabetes by
allowing more ready mobilization of lipids and glucose that provided a slightly better chance of survival and reproduction. A
similar reasoning applies to genotypes predisposing to obesity. Such a hypothesis would explain the relatively high frequency
of these traits.

INBORN ERRORS OF METABOLISM AS A MODEL

Even though inborn errors of metabolism are rare, their mechanisms may illustrate the role that more common genes
may play in nutrition. The intrinsic processes required for proper nutrition, such as digestion, absorption, and excretion, are
affected selectively by many different inborn errors of nutrient metabolism (Rosenberg, 1984). More than 200 such disorders
have already been described. Among them are lactose intolerance (the inability to digest lactose); glucose-galactose
malabsorption (the inability to absorb these nutrients); familial hypercholesterolemia, which develops in people who lack the
receptors necessary to remove low-density lipoproteins (LDLs) from plasma; ornithine transcarbamylase deficiency, in which
people lack an enzyme involved in the detoxification of ammonia; and hypophosphatemic rickets, in which the renal
reabsorption of phosphorus and the intestinal absorption of phosphorus are impaired (Rosenberg, 1980). These disorders vary
with regard to nutrients involved, frequency of occurrence, ethnic distribution, clinical severity, and disease manifestations
(Holtzman et al., 1980). They may produce an internal or functional deficiency of an essential macro- or micronutrient
despite adequate dietary intake; they may lead to chemical toxicity by blocking a catabolic pathway needed to metabolize an
ingested nutrient; they may interfere with the formation of a needed product from an ingested nutrient; they may disrupt
feedback regulatory pathways; or they may lead to pathological accumulation of macromolecules. Many of these metabolic
disorders can be managed by modifying nutrient intake. For example, deficient intestinal absorption of a nutrient can be
remedied by high oral intakes or parenteral administration; toxicity resulting from a blocked catabolic pathway of an essential
amino acid can be relieved by restricting intake; vitamin supplementation may help to ameliorate a disturbance due to
deficiency of an enzyme that requires the vitamin as a cofactor (Rosenberg, 1980).

Uptake of a variety of nutrients and other critical metabolites by cells is carried out by receptor-mediated endocytosis.
The receptor that facilitates the uptake of LDLs (LDL receptor) has been studied in detail in the normal state and is an
excellent model for receptor function in general (Goldstein and Brown, 1985). Some mutations of this receptor lead to
defective transfer of LDLs into cells and increased LDL and cholesterol levels in the blood; this in turn predisposes to
coronary heart disease (CHD). Mutations for the heterozygote state of familial hypercholesterolemia are found in
approximately 1 in 500 people and predispose to premature coronary arteriosclerosis. Homozygotes are very rare (one in a
million) and often develop CHD before 20 years of age (Goldstein and Brown, 1983).

These rare genetic disorders affecting enzymes and receptors illustrate how a severe genetic defect may lead to
malnutrition or specific damage to a given organ system. They can serve as models for the study of milder but more common
genetic variations in their effect on nutrition.

Possible Effects of Heterozygosity

The expression of most inborn errors of metabolism requires the presence of two identical mutant genes—each
contributed by the carrier parent of an affected patient. The most common genetic disease of this sort is phenylketonuria, an
autosomal recessive disease with a maximum frequency of 1 in 10,000 births. Most other inborn errors of metabolism have
frequencies between 1 in 40,000 and 1 in 250,000 (Vogel and Motulsky, 1986). These rare inborn errors are not usually
considered in making nutritional recommendations for the population as a whole, but carriers of the relevant mutant gene are
quite common in the population. For example, 2% of the population are carriers of the mutant gene for phenylketonuria. In
patients with inborn errors of metabolism, the involved enzyme has very little normal activity. Normal people have
approximately 100% activity; carriers have about 50%. Under most conditions, a 50% level of enzyme activity is sufficient
for adequate function. Thus, carriers are in good health. Under conditions of growth, stress, illness, or malnutri
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tion, however, even 50% of enzyme activity may not be sufficient, and specific abnormalities related to the underlying
enzyme activity might result (Vogel and Motulsky, 1986). Familial hypercholesterolemia is a relatively common
heterozygous condition (1 in 500), which in the homozygous state is very rare (1 in 1 million) (Goldstein and Brown, 1983).
More research is required to define whether the carrier heterozygotes for rare inborn errors are at risk for disease.

RESEARCH METHODS IN MEDICAL GENETICS

The number of genes shared by family members depends on their degree of relatedness (Vogel and Motulsky, 1986).
First-degree relatives (full siblings or parents and their children) share an average of 50% of their genes; second-degree
relatives share an average of 25% of their genes. Unrelated members of an ethnic group or race with common ancestry share
a common gene pool and, hence, may resemble one another (biochemically and physically) more than they resemble people
from other groups.

Generally, proof that a trait is genetically determined comes initially from a demonstration of familial aggregation, i.e.,
the trait is more frequent among relatives of affected persons than it is in the general population. However, familial
aggregation by itself does not prove the involvement of genetic factors. Environmental exposures and lifestyle are also shared
by family members and may cause a higher frequency of a particular trait among relatives. Absence of correlation for a given
trait among spouses living in the same household and among children and their adoptive parents or siblings (who share no
genes) argues against common environmental factors when positive correlations for the trait are obtained for biologic
relatives. Higher correlations among identical twins (who share all their genes) than among nonidentical twins (who share
half their genes) also argue for genetic factors. However, because identical twins are likely to select similar environments,
ideal studies attempt to assess identical twins reared apart. Since such twin pairs are not found frequently, study sizes are
necessarily small (Vogel and Motulsky, 1986; see also Chapter 7).

Biometrically analyzed studies of identical twins reared separately may suggest the operation of genetic factors for a
given trait, but they provide no information regarding the number of genes involved or the mechanisms of their action.
Obesity is a good example. Studies of adoptive families and twins suggest that genetic factors are operative (see section on
Obesity), but their mechanisms remain unknown.

The inheritance of single genes can be inferred from the nature of their segregation in families. Appropriate genetic-
statistical techniques such as segregation analysis are available to test for the mode of inheritance. The principle of such
methods is to test family data against various models of genetic transmission and find the best-fitting model (MacLean et al.,
1985).

When the nature of the genetic abnormality is known for a monogenic or Mendelian trait, the abnormal or variant gene
product can be studied in families, and appropriate segregation studies can be conducted. Where the specific structural defect
in a protein or enzyme has been identified, the corresponding alteration in DNA can be inferred.

Much biologic insight into the role of genetics in humans has come from investigations of the role of specific genes and
gene products. These approaches are reductionistic in nature, and their results ultimately need to be integrated with other
observations of complex interaction of several genes. Furthermore, the role of special environmental factors in modifying
gene action must be considered (see section on Gene-Environment Interaction, below).

Another approach to monogenic action is based on linkage analysis, the study of cosegregation of a common (or marker)
gene with a physiologically or pathobiologically important gene in which the close physical apposition of these two genes on
a given chromosome is studied. This type of study requires investigations of families in which an informative marker gene
occurs in various related family members. Many DNA variants distributed over every one of the 23 chromosomes in humans
are already known, and marker genes for closely spaced chromosomal sites are rapidly being elucidated. Because most DNA
does not code for proteins, the variability of DNA is usually not expressed phenotypically, but DNA variants can be used as
genetic markers to detect closely linked genes of physiological or pathological importance (Botstein et al., 1980).

Recently, some DNA mutations have been detected by linking harmless DNA variants to the diseased gene before any
information about the nature of the defect was known. This approach has been referred to as reverse genetics (Orkin, 1986).

Population studies demonstrate different frequencies of genetic traits in various ethnic groups (Vogel and Motulsky,
1986). If the genetic trait is of physiologic or clinical significance, the total

Copyright © National Academy of Sciences. All rights reserved.
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impact of a given gene's variation may differ in different populations.

GENE-ENVIRONMENT INTERACTION

Genes do not act in a vacuum; the action of one gene may depend not only on other genes, but also on the environment.
This principle is well illustrated by the field of pharmacogenetics. Certain inherited enzyme variants are harmless by
themselves but may cause untoward effects in the presence of a drug that requires the normal variety of that enzyme for its
inactivation. The presence of the enzyme variant without the drug and the administration of the drug to a person with the
normal enzyme are harmless. If the drug is given to the carrier of the enzyme variant, however, a reaction to the drug ensues.
Examples include hemolytic anemia from glucose-6-phosphate dehydrogenase deficiency, prolonged apnea from
pseudocholinesterase variation, and various drug reactions associated with defective acetylation of drugs such as isoniazid
(Stanbury et al., 1983).

The concept of pharmacogenetics has been widened to ecogenetics, i.e., the interaction of specific genetic traits with any
environmental agent to produce a given effect. There are three ecogenetic examples with relevance to nutrition: (1) severe
flushing of the skin after exposure to alcohol in many Orientals, who often lack an isozyme of aldehyde dehydrogenase,
which is involved in the metabolism of alcohol (NIAAA, 1987); (2) hypertension in genetically predisposed persons who
migrate from a primitive environment to a more westernized one (Page, 1979); and (3) gastrointestinal distress after moderate
milk consumption by many people with genetically determined lactase insufficiency (see section on Lactose Malabsorption,
below) (Lisker, 1984). There are many more examples. As more is learned about the nature and extent of genetic variability,
its interaction with the environment, and its effect on disease resistance and susceptibility, it will become increasingly
possible to advise genetically susceptible individuals about environmental factors (including diet) that will prevent various
diseases determined by genetic-environmental interaction.

OTHER GENETIC FACTORS THAT AFFECT NUTRITION

In the central nervous system, genetic variation probably affects perception of taste, degree of satiation, and other factors
likely to affect food intake. However; no critical data on humans exist in this area. Absorption can also be affected. Examples
include increased iron absorption in hemochromatosis (see section on Hemochromatosis, below) and genetically determined
absence of gastric intrinsic factor, which leads to defective vitamin B, absorption and pernicious anemia (Velazquez and
Bourges, 1984).

Ethnic and racial factors also require consideration. Relatives share common ancestors and therefore are more likely to
share similar genes derived from that ancestor. In a sense, an ethnic group is an extended family, and similar considerations
apply. Often, therefore, frequencies of genetically determined traits or diseases will differ among races (e.g., Caucasians,
blacks, or Orientals), and even among ethnic groups of the same race. It may not be apparent whether an ethnic or racial
difference for a given trait or disease is caused by the existence of different genes or because the unequally affected racial
group lives in a different environment. However, if the presence of a gene or genes can be demonstrated, the differentiation
between genetic and environmental factors usually becomes clear. Thus, although we strongly suspect that genetic factors
cause the difference between Pima Indians and Caucasians in the frequency of obesity, we cannot be absolutely sure since we
have no gene marker. On the other hand, there is little question that the difference in frequency of hypolactasia in blacks and
whites has a genetic cause, since tests for hypolactasia exist.

Such ethnic or racial differences may have policy implications; a nutritional policy may be desirable for one population
group but would cause health problems in another.

GENETIC FACTORS IN SOME CHRONIC DISEASES

Coronary Heart Disease and Lipids

Hypercholesterolemia, high LDL levels, low levels of high-density lipoprotein (HDL), and low apolipoprotein A1l levels
have all been implicated as risk factors for CHD, and all are influenced by both genetic and environmental factors. The
presence of two different but common alleles at the apolipoprotein E locus has a large effect on cholesterol and
apolipoprotein B levels (Sing and Davignon, 1985). The transmission of familial hypercholesterolemia due to various LDL
receptor defects is Mendelian (Goldstein and Brown, 1983), and genetic factors seem to play a role in most

Copyright © National Academy of Sciences. All rights reserved.
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hyperlipidemias. A common condition known as familial combined hyperlipidemia appears to be transmitted as a monogenic
autosomal dominant trait and is usually associated with elevation of apolipoprotein B (Brunzell and Motulsky, 1984). The
etiology of this condition appears to be heterogeneous. Various DNA markers of the apolipoprotein loci have been associated
with hyperlipidemia, or CHD, or both, but findings are not entirely consistent (Deeb et al., 1986). Considerable research is
under way in these areas and is likely to help in clarifying the exact contribution of genetic factors to the hyperlipidemias.

A crucial issue is the relevance of such data in the development of nutritional advice for the population. Some argue that
regardless of genetic variation, a lowering of the cholesterol level of Western populations by dietary modification would
substantially reduce the frequency of CHD. Those with the lowest blood cholesterol levels have the lowest mortality from
CHD, which increases progressively with higher cholesterol levels (Martin et al., 1986). Most CHD deaths and most excess
coronary events related to elevated cholesterol levels do not occur at the upper end but in the center of the distribution curve
(see Chapter 7). What will be the effects of lowering cholesterol levels in the population? For example, reducing an
individual's cholesterol level from 226 to 210 mg/dl (which could be achieved through dietary modification) decreases the
absolute risk of coronary mortality only slightly. However, a small reduction in absolute risk for an individual may translate
into a major effect in the large number of people who constitute the population. In a hypothetical example, one can assume
that by dietary modification, a person can reduce his or her risk of having a myocardial infarct within a given time span from
1 in 80 to 1 in 100. Applied to 100,000 persons, the expected frequency of 1,250 myocardial infarcts (1/80) would be reduced
to 1,000 heart attacks (1/ 100). This 20% reduction (or prevention of 250 heart attacks) would be of significant public health
importance.

Little is known about the effect of nutrition-genetic interactions on lipids. The role of the LDL receptor, structural
variation in apolipoproteins B and E, the regulation of hepatic apolipoprotein B synthesis, and many other factors need to be
studied to resolve these issues. Further knowledge in this important area is required to assess the role of diet in reducing lipid
levels in individuals. It is certain, however, that genetic factors play an important role in determining cholesterol levels.

Response to dietary restriction of saturated fats and cholesterol or lipid levels will be variable, and not everyone will
benefit equally from dietary moderation. Some people will be sensitive, whereas lipid levels in others may be resistant to
control by dietary changes.

Hypertension and Salt

Blood pressure levels are under strong genetic control, as shown by studies in families, adopted children, and twins
(Burke and Motulsky, 1985). There is good evidence for the role of sodium in the causation and maintenance of high blood
pressure. In populations, the frequency of high blood pressure is related to average sodium intake. However, sodium loading
does not cause elevation of blood pressure in all people, and sodium restriction lowers blood pressure in many but not all
hypertensives. Hypertension is an ecogenetic trait in that so-called primitive populations have little hypertension. High blood
pressure develops in some people when they translocate to a Western-type environment that includes a high salt intake.
Populations of African origin in the United States have a higher mean blood pressure and a higher frequency of hypertension
than those of European origin. Recently discovered differences between black and white hypertensive populations include the
absence of elevated red-cell sodium/lithium countertransport in blacks—a finding that is common among white
hypertensives. This transport trait appears to be under monogenic control (Motulsky, 1987a). This and other evidence
suggests that hypertension is a heterogeneous entity with different genetic mechanisms.

Salt restriction has been advocated to reduce the frequency of high blood pressure but may not be equally helpful for all
individuals (see Chapters 15, 20, and 28). In addition, clinical or laboratory criteria needed to characterize the degree of salt-
sensitivity among people are lacking.

Diabetes Mellitus

Most cases of diabetes mellitus in humans fall into one of two categories: noninsulin-dependent diabetes mellitus
(NIDDM) and insulin-dependent diabetes mellitus (IDDM). Twin and family studies strongly indicate the existence of
genetic factors in both varieties, but the exact mechanisms remain unknown. More is known about some of the specific genes
involved in IDDM (e.g., HLA-related genes) than in the more common NIDDM

Copyright © National Academy of Sciences. All rights reserved.
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variety. The very high concordance of identical twins for NIDDM suggests that genes play a more central role in this disease
(Barrett et al., 1981). Although nutrition and dietary components are important in the treatment of clinical diabetes, they do
not appear to be involved in the pathogenesis of either form of the disease (Glinsmann et al., 1986), aside from the clear
relationship of NIDDM to total caloric intake.

Obesity

The development of obesity is not simply a matter of caloric intake but involves genetic factors as well. This has been
shown in studies of humans and of animals.

Epidemiologic Studies

It has been known for many decades that obesity is a familial trait. Most obese patients have at least one obese parent;
however, members of a family or relatives share many common aspects of nutrition and environment. For example, in the
analysis of the Ten State Nutrition Survey (Garn and Clark, 1976), other factors such as socioeconomic class, age, and sex
were prominent predictors of obesity (Garn and Clark, 1976). More recently, Garn (1985) noted that most children of obese
parents become overweight, whereas those of lean parents are thinner.

The most compelling evidence for genetic factors comes from studies of monozygotic and dizygotic twins (Borjeson,
1976; Bouchard et al., 1985; Fabsitz et al., 1980; Feinleib et al., 1977; Medlund et al., 1977; Stunkard et al., 1986a,b).
Borjeson (1976) studied 40 monozygotic twin pairs and 61 same-sex dizygotic twin pairs and estimated heritability of obesity
to be 88%. (Heritability may range from 0%, i.e., no genetic factors, to 100%, indicating that a trait is determined entirely by
genetics). A similar conclusion was reached by Brook et al. (1975). A much larger twin study based on the large Swedish
Twin Registry showed a high concordance of body fatness in monozygotic but not in dizygotic twins (Fabsitz et al., 1980). A
potent interaction between genetic predisposition and environment is suggested by a recent feeding and exercise challenge
study in monozygotic and dizygotic twins (Poehlman et al., 1986).

The relative roles of genetics and the environment have also been examined by comparing obesity among adoptees to
obesity in their adoptive and biologic parents. In several early adoption studies, no clear trends were found (Annest et al.,
1983; Withers, 1964). In at least one study, obesity was found among children with obese adoptive parents (Annest et al.,
1983). In most of these studies, no information on biologic parents was available. Children may have spent an extended
period with a biologic parent before adoption, and adoptive placement may have been based on physical similarity between
adoptive parents and the adopted child—a common practice several decades ago. However, two recent studies, one based on
a Danish adoption registry (Stunkard et al., 1986a) and another on fatness data from Iowa (Price et al., 1987), included
information on biologic parents as well as adoptive parents. These show a stronger correlation in body mass index (BMI)
between adoptees and their biologic parents than between adoptees and their adoptive parents. In the Iowa study, the
correlation of BMI was independent of height and applied to the full range of obesity. In stepwise multiple regression
analyses, the best correlations were predicted by a model in which genetic and nonfamily environmental factors were both
considered. Even so, much of the variance was unexplained. Additional studies examining biologic parents and siblings have
shown a variable genetic and genetic-environmental contribution (Bouchard, 1988). Nevertheless, taken together, the results
of such studies suggest that multifactorial polygenic factors play a role in human obesity. This formulation does not rule out
the involvement of major genes that have yet to be identified.

Ethnic differences also are consistent with, but do not prove, the role of genes in obesity. The higher frequency of
overweight among black women compared to white women may at least partially be caused by genetic factors (Van Itallie,
1985). This may also apply to Mexican-American children, who are fatter than either white or black children (Mueller, 1988).
The high prevalence of obesity among several Native American tribes and Pacific Island populations is difficult to explain by
excess calories alone.

There is evidence from a study of twins (Bouchard, 1988) and from several studies of ethnic groups (Mueller, 1988) that
patterns of body fat distribution are inherited. This is especially apparent among children. For example, Mexican-American
children have a pronounced upper body fat distribution, which is sometimes independent of adiposity per se (Mueller, 1988),
whereas children of European origin seem to have a more peripheral distribution of fat (Mueller, 1988).

The nature of the specific genes causing such phenomena is still unknown.

Copyright © National Academy of Sciences. All rights reserved.
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Animal Studies

Obesity in mice and rats can be caused by several different single-gene mutations (Bray and York, 1971). Some strains
of pigs and rats become obese under some feeding circumstances in which control animals do not. The exact biochemical' or
metabolic defects responsible for this have not yet been discovered. Intensive research is under way to clone relevant
candidate genes.

It is unlikely that any of the animal models of monogenic obesity will fully explain the genetic factors operative in
human obesity, since the genetic mechanism of human obesity does not appear to be monogenic. It is likely, however, that
some of the genes involved in monogenic animal obesity may play some role in human obesity. Information on the nature of
the genes involved in animal obesity will allow direct testing of the involvement of similar genes in humans by using
techniques of molecular genetics.

Cancer

Certain types of cancer appear to be inherited. It is becoming increasingly apparent, however, that most cancers can be
attributed to interactions between genetic (hereditary, or endogenous) factors and environmental (exogenous) factors.

It is helpful to consider causes of cancers in three broad groups: genetic, genetic-environmental, and environmental
alone. The first group consists of cancers that appear to be determined largely by genetic factors with little or no
environmental influence. One example is the high risk for colon cancer in people with familial polyposis of the colon. Other
cancers in this group appear to be associated with impaired DNA repair mechanisms, such as in xeroderma pigmentosum and
Bloom's syndrome. These examples illustrate a merging with the second group; for example, the development of
malignancies in people with xeroderma pigmentosum requires exposure to an environmental agent (ultraviolet light) in
predisposed individuals.

For the second group of cancers, genetic and environmental factors appear to be important—independently or
synergistically. Examples include cancers that tend to run in families, such as some cancers of the stomach, colon, and breast.
There is evidence that in colon cancer and possibly other cancers in this category, the pathogenic mechanism may involve the
genetic transmission of a recessive gene that is present in all body cells and by itself does not cause cancer (Bodmer et al.,
1987). A somatic mutational event of the allelic partner in a single colon cell causes homozygosity at this locus and frees this
cell of growth restraint, ultimately causing clinical colon cancer. Different environmental agents, including metabolites
derived from food, could cause the second somatic mutation (Knudson, 1985; Solomon et al., 1987).

Cancers in the third group are produced largely by environmental agents, which in general are independent of genetic
variation. This category includes most malignant neoplasms. For some of these, however, genetic variation may affect cancer
risks, for example, by altering the metabolism of carcinogens. Such mechanisms may affect individual risks of some of the
smoking-related cancers (Ayesh et al., 1984; Mulvihill, 1976).

No studies of cancer risk in humans have yet indicated a relationship between dietary factors and genetic factors;
however, such a relationship may be responsible for the increased cancer risk in genetically predisposed individuals.
Therefore, there is some reason to postulate that dietary changes could have at least as much effect on cancers dependent on a
genetic mechanism as they have on cancers that are free of genetic influence.

Lactose Malabsorption

At the time of birth, all humans (and all other mammals) produce the intestinal enzyme lactase to metabolize lactose—
the main constituent of milk—into glucose and galactose. In most humans, the ability to digest lactose disappears after
weaning due to progressive decline in intestinal lactase activity; such individuals are often referred to as lactose
malabsorbers. Undigested lactose in the gastrointestinal tract of such people is decomposed by bacteria, causing bloating,
diarrhea, intestinal rushes, flatulence, and even nausea and vomiting in severe cases. However, some people—particularly
those of European origin—do not lose this ability and have persistent intestinal lactase activity (Lisker, 1984). This
persistence of lactose absorption is controlled by a gene for persistence of intestinal lactase activity (L). People who do not
carry this gene, and therefore cannot digest lactose after weaning, are homozygotes (11) at this locus—the usual status for the
majority of the world population. Milk drinking does not induce intestinal lactase activity in those—who no longer have this
capacity, nor will lactose restriction reduce the intestinal lactase activity among those who never lost it. Lactose absorption or
malabsorption is an inborn genetic trait. Acute or chronic gastrointes

Copyright © National Academy of Sciences. All rights reserved.
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tinal disease may cause secondary hypolactasia among people with persistent lactase activity, but such activity returns after
the illness. Most populations throughout the world have hypolactasia of the genetic variety. Only populations from central
and northwestern Europe and from areas in Africa with a long history of dairy farming have high frequencies of persistent
lactase activity. Presumably, the gene for lactase persistence had a survival advantage in dairy farming cultures and over the
generations increased in frequency because people who were able to absorb milk as children and young adults were either
more fertile or less likely to die early.

Milk is not consumed widely in populations where lactose malabsorption is common. Since milk is an important source
of protein, calcium, and riboflavin, the existence of the lactase polymorphism has policy implications for the use of milk as a
supplement for the world's lactose malabsorbers. However, most lactose malabsorbers can drink at least 250 ml of milk
without much difficulty. Further studies are required to define more fully the amounts of lactose tolerated by malabsorbers.

Hemochromatosis

The clinical manifestations of primary hemochromatosis (including liver and heart damage, arthritis, diabetes, and skin
discoloration) are caused by the toxic effects of excessive iron stores in many organs following increased iron absorption over
many years. Nonspecific symptoms such as weakness and fatigue are frequent.

Affected persons are homozygotes for a gene that facilitates increased iron absorption and is carried on the short arm of
chromosome 6, closely linked to HLA Locus A (Bothwell et al., 1983). The homozygous state affects from 1 in 600 to 1 in
1,000 people in the United States and western Europe, indicating that approximately 7% of the population are heterozygotes
or gene carriers for the condition. Clinically apparent disease is more common among males, since females can eliminate
some excess iron in their menses. The increasing practice of measuring serum iron and iron saturation is leading to the
detection of cases who are not yet affected clinically but who will develop clinically apparent disease at a later stage. The
extent of increased iron storage in hemochromatosis can be estimated by serum ferritin measurements.

Since iron deficiency is common among the general population, additional supplementation of flour with iron has been
recommended by public health authorities and is practiced in Sweden. The onset of clinical hemochromatosis in homozygotes
presumably would be hastened by such a process. However, since the homozygous hemochromatosis genotype is found in, at
most, 1 in 500 people, some observers believe that iron supplementation benefits a much larger fraction of the population
(primarily women and children) and outweighs the damaging effects of iron for homozygotes. A crucial issue in this
connection is related to the. iron absorption status of the very common hemochromatosis heterozygotes (i.e., close to 1 in 10
persons). However, although liver iron stores increase somewhat among male heterozygotes as they get older, there is no
evidence that heterozygotes are at risk for clinically apparent iron toxicity. Furthermore, there is currently no test for
detecting heterozygotes in population studies.

The benefits of iron supplementation should be considered in the context of possible risk to occasional hemochromatosis
homozygotes, especially since the health effects of mild to moderate iron deficiency are not as fully defined as desirable
(Cook and Lynch, 1986).

Alcoholism

It has been known for many years that alcoholism is a familial occurrence, but the role of genetic and environmental
factors within the family have been difficult to separate. Evidence accumulated over the past two decades suggests that
alcoholism results from the interaction of heredity and the environment (NIAAA, 1987; Motulsky, 1987a; Omenn, 1987).
Data on the genetic contribution comes from studies of familial alcoholism (Cloninger et al., 1978; Winokur et al., 1970),
twins (Kaij, 1960; Loehlim, 1972), adoptees separated from their biologic parents at an early age (Bohman, 1978; Goodwin
1987), and animal breeding studies (Crabbe et al., 1981; Thurman, 1980).

The phenotype of "alcoholism" is heterogeneous. Alcohol-seeking behavior must be differentiated from alcohol
dependence and alcohol tolerance. Target organ damage, such as that seen in Korsakoff's syndrome or alcoholic cirrhosis,
poses genetic problems that are different from alcoholism (see Chapter 16).

Several studies of adopted children indicate that natural sons of alcoholics are three to four times more likely to be
alcoholic than are natural sons of nonalcoholics, regardless of whether the sons were raised by their alcoholic biologic parents
or by nonalcoholic adoptive

Copyright © National Academy of Sciences. All rights reserved.
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parents (Goodwin, 1987). Studies of adoptees in Sweden identify two types of genetic disposition to alcoholism: milieu
limited and male limited. Milieu-limited susceptibility occurs in both sexes and needs environmental challenge for its
expression. The alcoholism is usually not severe, has a late onset, and is often associated with minor law violations. Male-
limited susceptibility occurs in the biologic fathers of adoptees, is highly heritable, is reflected in severe, early-onset
alcoholism that often requires extensive treatment, and is often associated with major law violations.

Studies of twins have not provided as clear evidence for genetic factors as have the adoption studies. Several studies
have shown higher concordance in identical twins than in nonindentical twins, whereas others have not (NIAAA, 1987).

Efforts are under way to identify neurophysiological, neuropsychological, and biochemical markers of genetic
susceptibility to alcoholism. Characteristic electrical brain patterns have been found in nonalcoholic offspring of alcoholic
fathers (Mendelson and Mello, 1979). Fast electroencephalographic (EEG) activity and deficiencies in alpha, theta, and delta
EEG activity have been reported in sons of alcoholics (Gabrielli et al., 1982). Studies of event-related potentials in the
nonalcoholic sons of alcoholic fathers showed that they had a decreased amplitude in their P; wave similar to that found in
abstinent alcoholics (Begleiter et al., 1980). Evidence suggests that decreased P; amplitude precedes the onset of alcohol
abuse and may be a genetic marker of susceptibility (NIAAA, 1987). Tests of abstracting, problem solving, perceptual-motor
functioning, and stimulus augmenting showed that nonalcoholic men with a family history of alcoholism performed less well
than controls with no such family history (Schaeffer et al., 1984).

Research on biochemical markers has included the study of genetic variation in alcohol-metabolizing enzymes,
especially alcohol dehydrogenase and aldehyde dehydrogenase. These enzymes help to eliminate alcohol from the body,
mainly by oxidative metabolism in the liver. However, markers for these enzymes have not been associated with
predisposition to alcoholism (NIAAA, 1987).

Oriental populations have a much higher frequency of the aldehyde dehydrogenase polymorphism. Carriers of this
genetic trait flush more readily on exposure to alcohol. It is likely that this flushing reaction is a deterrent to excess alcohol
consumption (NIAAA, 1987).

POLICY IMPLICATIONS OF GENETIC VARIATIONS

Public health policies generally focus on the average human being, without considering genetic variation. Thus, dietary
recommendations usually provide a sufficient nutrient intake even for those with the highest requirements. This policy
appears sound when variation for a given nutrient is small. If special dietary requirements affect only very few people with an
inborn error of metabolism, policy recommendations could legitimately ignore such outliers, since such people can be
identified and treated by physicians. In many instances, however, the true extent of genetic variation is unknown. The
frequency of genetic variants in enzymes and proteins and their effect on enzyme activity suggest that there may be great
variations in nutritional requirements or in gene-nutrition interaction.

Genetic factors as they relate to nutrition must be considered individually. The role of genetics in relation to dietary
lipids and CHD is one example. High-fat intake constituting 40% of the calories in many Western diets and with a high
saturated fat content leads to relatively high lipid levels and high frequencies of CHD. Serum cholesterol at all levels has
been correlated with CHD frequency, but approximately 40% of all coronary events occur in the population with the highest
25% of cholesterol levels, including many genetic hyperlipidemias (see Chapter 7).

Many coronary events could be prevented if the entire population would reduce its cholesterol levels by decreasing
saturated fat intake. Although individual risk reduction for those with "normal" cholesterol levels is relatively small, the total
effect on the population would be considerable, because even small reductions in risk lead to a large public health benefit
when the entire population is considered. This phenomenon of small effects in individuals, but a large impact on the
population, has been termed the prevention paradox. A double-pronged strategy of case detection and individual management
of those at high risk, together with a public health strategy to reduce cholesterol levels in the population as a whole, could
therefore have large effects.

Currently, the adverse public health effects of obesity are well known. Thus it is appropriate to advise everyone to avoid
obesity. In the future, it may be possible to identify those at particular risk of obesity from excess caloric intake and to focus
special preventive efforts on this group (i.e., help them to avoid gaining weight).

Copyright © National Academy of Sciences. All rights reserved.
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For many diseases, there are substantial racial or ethnic differences in frequencies. Thus, a recommendation for a
population subgroup may need to differ from that for the racial majority, though this may raise difficult policy questions
because the recommendation can be easily misunderstood. However, there are precedent examples unrelated to nutrition
including greater screening for Tay-Sachs disease among Ashkenazi (Eastern European) Jews, thalassemia among
Mediterranean and Southeast Asian populations, and sickle-cell disease among blacks.

Problems can arise when a small group of persons is placed at high risk by a policy decision that would benefit the
majority. An especially poignant example relates to iron supplementation and its effect on people with hemochromatosis (see
section on Hemochromatosis).

Public health policy designed to benefit the population without discernible risk to certain individuals or subgroups has
many merit it is simple to implement, may cost less to society, and may benefit many people. Examples of such policies are
vaccination against poliomyelitis even though some are genetically susceptible to paralysis (Motulsky, 1987b) or fluoridation
of the entire water supply to prevent caries even though there are genetic differences in caries susceptibility. As knowledge of
genetic variation and its impact grows, it may be possible to direct recommendations to individuals, and it may no longer be
necessary to assume the existence of an average person who can respond to general recommendations. A more sophisticated
form of disease prevention based on biologic variation will then be desirable.

SUMMARY

Genetic variability in biochemical processes is ubiquitous; every person is genetically unique. The relevance of this
genetic individuality for nutrition and for the role of certain nutrients in disease causation requires much greater
understanding. Processes of absorption, enzyme digestion, biosynthesis, catabolism, transport across cell membranes, uptake
by cell receptors, storage, and excretion all vary extensively, and the variation is often known to be genetically determined, at
least in part. The importance of such variation for nutrition needs to be determined by further studies in families Inborn errors
of metabolism affecting these processes are genetic diseases that cause nutritional disorders of various kinds. Their rarity
makes them medical problems; they are not usually viewed as problems of nutrition that affect public health. Heterozygotes,
or carriers, of these inborn errors are much more common in the population. The possible role of the carrier state in causing
clinically manifest disease during periods of stress, infection and malnutrition, for example, requires more study.

Most chronic diseases whose etiology and pathogenesis are influenced by nutritional factors have genetic determinants.
High blood pressure, obesity, hyperlipidemia, atherosclerosis, and various cancers appear to aggregate in families for genetic
reasons rather than merely because of a common environment. Recommendations to avoid nutrient excesses that predispose
to these diseases are therefore unlikely to apply to everyone in the same way, and poorly understood interactions between
genetics and the environment often govern the outcome of suboptimal nutrition. For most diseases, we lack the knowledge
needed to identify susceptible genotypes by appropriate tests. For other conditions, however, such as the hyperlipidemias, we
can already identify persons at high risk and concentrate specific medical efforts on this subpopulation. For conditions where
specific tests are lacking but there is a strong family history of a given disease, appropriate preventive approaches can be tried
for family members who have not yet been affected.

With advances in knowledge, an increasing number of population subgroups will be found to be at higher, or lower, risk
for one or another chronic disease because of their genetic makeup. Specific recommendations directed at high-risk
populations therefore will become possible and desirable. In the meantime, dietary recommendations directed at the entire
population are appropriate for many conditions, even though different people will benefit unequally from such advice. As an
example, a diet low in both fat and salt is likely to reduce disease incidence in the general population even though the
beneficial effects for a given person may be small or nil. This paradox explains some of the controversies between those who
promote an approach based on attention to persons at high risk and those who support a more global public health approach.
Both approaches are needed. The high-risk approach is most appropriate in medical practice. The population approach
requires support by the media, the food industry, nutritionists and dietitians, the public health profession, and the medical
profession. When using the population approach, however, one must guard against harming certain genetically variant persons.

As we acquire a better understanding of genetics and it becomes increasingly possible to investigate genetic phenomena
at a fundamental level, we will be able to conduct better studies to elucidate the exact role of genetic factors for each nutrient
and

Copyright © National Academy of Sciences. All rights reserved.
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for various diseases. As these roles become understood, the associations between genetic factors and the interactions between
heredity and the environment will become clearer and may lead to the modification of current policies.

DIRECTIONS FOR RESEARCH

+ Investigate the extent of genetic variability in requirements for a given nutrient and whether there are racial or ethnic
differences.

* Determine whether the heterozygous state for certain inborn errors of metabolism is a marker for increased risk for
disease.

* Define the interaction between heredity and the environment for nutrients, e.g., whether persons with certain common
genotypes react in unusual ways to certain foods.

+ Define salt sensitivity in hypertensives and simple methods for its detection.

+ Learn how various ions (e.g., those of sodium, potassium, and chlorine) affect blood pressure and the role of genetic
variation.

» Study why blacks have a higher frequency of high blood pressure, i.e., the role of genetic-environmental variation.

» Elucidate the role of genetics in dietary responsiveness to lipids.

» Define genes that affect parameters of lipid metabolism (e.g., HDL, LDL) and their interactions among themselves
and with various nutrients.

* Conduct family studies to learn about mechanisms of racial differences in osteoporosis.

+ Determine the basic genetic defect responsible for hemochromatosis.

* Study genetics of taste and olfaction.

+ Delineate specific genes involved in NIDDM.

* Delineate genes involved in alcoholism.

+ Define genes involved in human obesity.

* Conduct research on genetic variability and responsiveness to given dietary nutrients.

* Conduct research on the molecular basis of specific disorders responsive to diet. For example, the basis of salt
sensitivity in hypertension, hyperlipidemia, osteoporosis, hemochromatosis, NIDDM, alcoholism, and obesity are
currently amenable to further study.
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5—

Extent and Distribution of Chronic Disease: An Overview

There are subtle, but important, differences between health and the absence of disease and between health promotion
and disease prevention. The Constitution of the World Health Organization states in its preamble that "health is a state of
complete physical, mental, and social well-being and not merely the absence of disease or infirmity." Definitions of health
and of disease prevention promulgated by the Office of Disease Prevention and Health Promotion of the U.S. Department of
Health and Human Services (DHHS) stress the differences in terms of personal behavior, level of prevention, and sense of
well-being:

Health promotion = personal, environmental, or social interventions that facilitate behavioral adaptations conducive
to improved health, level of function, and sense of well-being.

Disease prevention = personal, environmental, or social interventions that impede the occurrence of disease, injury,
disability, or death—or the progression of detectable but asymptomatic disease (J. Michael McGinnis, DHHS,
personal communication, 1988).

The committee carefully considered these definitions and decided that any attempt to address the association between
diet and health in its broadest sense would necessarily be superficial, incomplete, and so diffuse as to be ineffective. Thus, it
opted to focus on specific diet-related chronic diseases and conditions related to them.

The definition of diet is straightforward: Diet comprises all food and drink consumed by people. It is characterized by
the average and the distribution of nutrients and foods consumed by an individual or by a defined group.

The committee gave special attention to major diet-related chronic diseases and conditions of adulthood, including
atherosclerotic cardiovascular diseases (i.e., coronary heart disease, stroke, and peripheral arterial diseases), hypertension and
related diseases, obesity and related diseases, cancers, osteoporosis, diabetes mellitus, hepatobiliary disease, and dental
caries. It selected these because, according to current evidence, they are the most common diet-associated causes of death and
disability among U.S. adults.

This chapter presents the descriptive epidemiologic features of those eight chronic diseases and conditions.

ATHEROSCLEROTIC CARDIOVASCULAR DISEASES

Coronary Heart Disease

Coronary heart disease (CHD) affects the cardiac muscle, mainly as a result of atherosclerotic disease of the coronary
arteries and its complications. Atheromas and thrombosis combine to interrupt blood flow to the heart, producing clinical

Copyright © National Academy of Sciences. All rights reserved.
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events that may include sudden death. Morbidity from CHD, measured by population-based surveys and hospital records,
includes clinical syndromes of myocardial infarction with damage to and scarring of the myocardium; coronary insufficiency,
including angina pectoris and other symptoms of inadequate blood supply; complex arrhythmias, which may lead to sudden
coronary death; and chronic heart disease characterized by heart failure or arrhythmias. Mortality from CHD is defined as the
number or proportion of death certificates that are coded as International Classification of Disease (ICD) categories 410-411
(myocardial infarction) or 412-414 (angina pectoris and other chronic heart disease manifestations).

CHD DEATH RATE PER 100,000 POPULATION, 1977

COUNTRY o 300 500 S00
[ | I I I I ] I T |

Firland *
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FIGURE 5-1
Rate of deaths from CHD per 100,000 population among 35- to 74-year-old men in 1977 (except as otherwise
noted) by country. Adapted from the report of the Inter-Society Commission for Heart Disease Resources (1984).

Population Differences In Frequency

Among Countries

Figure 5-1 depicts wide differences among countries in the vital statistics on CHD death among 35- to 74-year-old men
in the 1970s. The highest reported CHD death rates occurred in Finland and the English-speaking countries, including the
United States; the lowest rates were in Japan (Inter-Society Commission for Heart Disease Resources, 1984).

CHD death rates for women in the same year (not shown) were highest in Northern Ireland, Scotland, and the United
States and lowest in Japan (Inter-Society Commission for Heart Disease Resources, 1984). These large geographic
differences in CHD death rates were confirmed by studies comparing geographic differences in CHD incidence rates, such as
the Seven Countries Study, in which the 10-year incidence rate among men 40 to 59 years old at the beginning of the study
was about 200 per thousand in Finland as compared to about 40 per thousand in Japan and the Greek Islands (Keys, 1980).

Geographic differences in trends of reported deaths from CHD have been equally dramatic (see Figure 5-2). The largest
decline among men from 35 to 74 years old occurred in the United States, followed closely by Australia and Canada, whereas
rates rose strongly in Northern Ireland, Poland, and Bulgaria. Similar changes in death rates were also reported for women
(not shown)—the largest

Copyright © National Academy of Sciences. All rights reserved.
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declines again occurring in the United States and Australia, smaller decreases in other countries, and increases in several
Eastern European countries (Inter-Society Commission for Heart Disease Resources, 1984).

PERCENT CHANGE IN CHO DEATH RATE, 1968-1977
COUNTRY  .200 =150 =100 -50 0 + 50 =100 =150
— ' T T T T 0 T ' 1
United States L . i -
‘wmiralia |

Canaes )

Romania

HNorthern reland 1 )

Palang |
Bulgara ]

* 1975 data
T 1976 data

FIGURE 5-2
Percent change in rates of death from CHD from 1969 through 1977 among 35- to 74-year old men by country.
Adapted from the report of the Inter-Society Commission for Heart Disease Resources (1984).

Within the United States

In the United States, there are substantial regional differences in CHD death rates. In 1980, rates were highest in the East
and Southeast (290-305 deaths per 100,000), intermediate (210-249) in the Midwest, and lowest (149-209) in the West and
Southwest (DHHS, 1987).

Time Trends in the United States

From the 1950s to the mid-1960s, CHD rates in the United States rose 1 to 2% per year among men and women, whites
and nonwhites. Subsequently, death rates declined by 2 to 3% per year. This decline has affected all ages, but has been
especially evident in younger groups and was observed a few years earlier in women than in men.

From 1973 through 1979, CHD death rates again increased, but since 1980, they have returned to the 1965-1973 rate of
decline. Unadjusted data suggest that the decline has continued through 1986 and early 1987, but with a slowing of rate
(DHHS, 1987). This decline was greater in better educated, more affluent groups (DHHS, 1987) and is characterized by
fewer out-of-hospital deaths, sudden unexpected deaths, and acute nonfatal myocardial infarction (Anastasiou-Nana et al.,
1982; Elveback et al., 1986; Folsom et al., 1987; Gillum et al., 1984; Goldberg et al., 1986; Goldman et al., 1982; Gomez-
Marin et al., 1987; Kuller et al., 1986; Pell and Fayerweather, 1985). These findings have been attributed to the increased
availability of more sophisticated cardiac care and more effective emergency services (Gillum et al., 1984; Goldman and
Cook, 1984). In addition, the decline in CHD deaths was generally accompanied by, and probably preceded by, decreased
CHD incidence and by lowered average levels of factors associated with increased CHD risk in the population (e.g., cigarette
smoking, hypertension, and high serum cholesterol levels) (Inter-Society Commission for Heart Disease Resources, 1984;

Copyright © National Academy of Sciences. All rights reserved.
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Pell and Fayerweather, 1985). A decline in severity of atherosclerotic lesions at autopsy has also been noted (Solberg and
Strong, 1983), although current evidence is insufficient to link this to the concomitant decrease in CHD mortality rates.

Similarly, in long-term cohort studies of CHD, decreases in sudden and out-of-hospital deaths, in-hospital proportion of
cases dying (case fatality), and discharge diagnoses of CHD have been reported (Inter-Society Commission for Heart Disease
Resources, 1984). The decrease in CHD case fatality rates may reflect improved medical care. With the exception of an
increased incidence of nonfatal myocardial infarction noted in a study of women in Rochester, Minnesota (Elveback et al.,
1981), there is much evidence that the incidence of first coronary events is declining (Kuller et al., 1986; Pell and
Fayerweather, 1985). The evidence for improved survival from myocardial infarction. over the short term (30 days) is strong
(Folsom et al., 1987; Goldberg et al., 1986; Pell and Fayerweather, 1985), but not consistent (Elveback et al., 1986; Goldman
et al., 1982). One study has shown an improvement in 4-year survival after myocardial infarction, but much of that was due
to improved survival in hospital (Gomez-Marin et al., 1987).

In the United States, there have been large regional differences in the trends of CHD death rates between 1960 and 1980
(DHHS, 1987). For example, age- and sex-adjusted CHD mortality rates (ages 35 to 74) declined 48 to 53% in Maryland,
Delaware, Illinois, and Nevada and 40 to 44% in Connecticut, Washington, and California. Smaller declines have been noted
throughout the western, midwestern, southern, and south-central states including Appalachia. The smallest changes were
observed in Oklahoma, Mississippi, Tennessee, and Kentucky, where there were declines of only 12 to 21%.

Associations Between Risk Factors in Individuals and CHD

Age

CHD prevalence, incidence, and mortality rates rise steeply with age, approximately doubling in each 5-year age class
past age 24. The decline in age-specific CHD death rates between 1968 and 1978 in the United States occurred across all age
groups; it was 40 to 50% for those in the 35- to 44-year-old age group and 15 to 20% among those over age 70 (DHHS, 1987).

Sex

CHD death rates in men are three times greater than in women in such high-incidence countries as the United States, the
United Kingdom, northern European countries, New Zealand, and Australia (Inter-Society Commission for Heart Disease
Resources, 1984). These sex differences are smaller after women pass menopause and in such low-CHD-incidence countries
as France and Japan. In countries where CHD deaths have declined; percentage declines have generally been steeper among
women than among men.

Ethnic, Racial, and Migrant Differences

Ethnic and racial differences in CHD deaths within countries are closely associated with socioeconomic level. In the
United States, CHD death rates are highest for white males, followed in descending order by black males, other nonwhite
males, black females, white females, and nonwhite (other than black) females. The greatest rate of decline in CHD deaths
between 1968 and 1978—almost 50%—occurred among nonwhite (but not black) women, followed by white women. Black
women had the smallest decline (DHHS, 1987).

Differences among migrants were systematically documented in the Ni-Hon-San study conducted among Japanese
living in Japan, Honolulu, and San Francisco. In that study, investigators observed that CHD prevalence and incidence rates
tripled among Japanese within a generation of their migration to the West Coast of the United States and doubled in Japanese
who migrated to Hawaii (Marmot et al., 1975; Robertson et al., 1977). This change was generally paralleled by changes in
average levels of risk factors, including saturated fat in the diet and serum cholesterol levels. Similar changes occurred in
Boston men who were born in Ireland compared to their brothers who stayed in Ireland (Kushi et al., 1985) and in South
Pacific islanders who settled in New Zealand (Beaglehole et al., 1977; Prior and Stanhope, 1980). In all these groups, rates
among migrants were near those of the newly adopted culture within 10 to 20 years.

Socioeconomic, Occupational, and Psychosocial Factors -

The relationship of socioeconomic class and occupation to CHD risk differs among cultures. For example, a social
classification based primarily on occupation was positively associated with CHD

Copyright © National Academy of Sciences. All rights reserved.
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mortality in the United Kingdom in the 1950s and 1960s. Since 1960, this picture has changed; the social classification is
now inversely related to CHD deaths in England and Wales (Marmot et al., 1978). In the United States, hourly wage earners
now have greater CHD mortality and incidence rates than do salaried employees, although there appear to be no specific
occupational exposures that exacerbate CHD risk (Pell and Fayerweather, 1985).

Other relationships are found between psychosocial factors and CHD risk. Generally, better educated people are
nonsmokers and have healthier patterns of eating, lower serum cholesterol levels, leaner body mass index, and greater
physical activity. Numerous studies have indicated slight to moderately strong associations between CHD risk and other
psychosocial and behavioral characteristics, but the existence of coronary-prone behavior and personality has been
increasingly questioned because few of those studies controlled for social networks, physical activity, diet, and alcohol intake
(Inter-Society Commission for Heart Disease Resources, 1984; Jenkins, 1983).

Familial and Genetic Factors

Family history of early-onset CHD is an independent risk indicator in high-risk populations (Inter-Society Commission
for Heart Disease Resources, 1984); however, familial hypercholesterolemia accounts for only a small percentage of the
people with relatively high serum cholesterol levels in affluent cultures.

It is likely that individual differences in biologic risk factors such as serum lipoprotein levels and in responses to dietary
factors (e.g., dietary cholesterol) are determined in large part by genetic factors. However, the absence of specific genetic
markers limits the power of family studies to separate the genetic components. New findings concerning cell receptors for
lipoproteins hold promise for improving understanding of the differences in individual responses to diet and susceptibility to
CHD.

Other Risk Factors

The relationship of specific dietary components to serum lipoprotein levels is discussed throughout this report (e.g.,
Chapters 6-10, 14, 16, 17, and 19), as are relative risk, attributable risk, and the population risk attributable to elevated blood
lipoproteins.

CHD is a classic model of a disease with multiple causes. Evidence indicates that a diet high in saturated fatty acids and
cholesterol along with relatively high levels of serum cholesterol are the greatest contributors to elevated population risk of
atherosclerosis and CHD; population risk differences are largely explained by these related factors. However, within
populations with a significant burden of atherosclerosis, several factors interact to determine an individual's risk. The most
prominent of these, after age, sex, diet, and blood lipoproteins, are the level of arterial blood pressure and the number of
cigarettes smoked. Peripheral arterial disease is one of the strongest independent predictors of CHD, stroke, and all causes of
death (Criqui et al., 1985a). Numerous other factors, including lack of habitual physical activity, relative body weight (see
section below on Obesity and Related Diseases), and diabetes, contribute to CHD (Inter-Society Commission for Heart
Disease Resources, 1984).

Stroke

Stroke is the abrupt onset of neurological disability due to infarction of the area of brain served by an artery that is
clogged by atherosclerotic plaque, blocked by an embolus, or ruptured, with destruction of brain tissue by hemorrhage.
Transient ischemic attacks (TIAs) are episodes of temporary neurological disability due to insufficient arterial blood supply
to the brain. In the United States, most strokes result from cerebral infarction, followed in frequency by the two major forms
of cerebral hemorrhage—intracerebral and subarachnoid.

Stroke is a major cause of death among adults worldwide. In industrial countries, it is usually third among causes of
death, following heart diseases and cancer.

Population Differences in Frequency

Among Countries

There are large differences in reported mortality rates for stroke. For example, age-adjusted 1970 estimates of
prevalence rates for stroke per 100,000 people were 556 in Rochester, Minnesota, and 363 in the United Kingdom (Kurtzke,
1976). Studies in Japan suggest that the distribution of the types of stroke (e.g., infarction and hemorrhage) also varies widely
(Omae et al., 1976). In populations, death rates from cerebral infarction generally parallel those from atherosclerosis and
CHD, whereas rates of intracerebral hemorrhage usually parallel the frequency of hypertension. For example, stroke

Copyright © National Academy of Sciences. All rights reserved.


http://www.nap.edu/catalog/1222.html

o
=}
2

=
o
2
@
2]

X
[
)
2

o
o
(o)
@

o
@

Q2

=
(®))

£

=

£
[
%]
[0
Q.
>

2

©

£

2
=
o
o)

e

=
£
S

E

-
o
e

X
o
o)

e
=
0]
o
I
o

©

£

2
=
o
o

°

=
£
o
2

E

O
9]

)
@
)
2
G
0

Q2

©=

—

=

X
£
o
2

E

O
[0
%]
o
Q.
£
9
o
)
2
C
[0
o)

Ko]
(%2}
@

N

X
<
o
2

©

£

2
=
o
o

=

=]

b
o
c

9

=1
T

8
c
[
%]
o
2
Q.
0
2

©

=

2

S
2
@)
c

Q2

=

’_

RO

©=

L

)

o

R4

°

=

=
=}
o

!

<

(0]
(2]
©
o
o
.
(0]
©
(0]
(2]
£
>
T
g
C
[0
o
Q
[&]
[v]
c
(0]
[0
Ke]
[0
>
©
c
>
(0]
€
w
2
o
o
=
(0]
XS]
<
Q.
[0
©
()]
o
o
>
Z
[0
£
(o]
(1)
o
C
©
=l
[0
£
©
T
(0]
o
[0}
o]
=
[e]
c
C
(]
o
2
[0
>
[
2
o
N
-
C
=
(]
€
£
o]
S
ge)
=
[$]
[
Q.
P
[®)]
C
=
(0]
(7]
[0
o
>
Z
-
(0]
L
<
(o]
ie)
C
©
@
2
>
=
2]
()]
£
©
©
[0
Ny
g
x
[43]
(0]
o
Ne]
©
o
o
2
;
L
=
[®)]
c
K9]
[0
£
)
£
o
2
o
(0]
L
=
[e]
ie

o
e
=

>3
Is!
=
=]

©
=
<}
Rel

c
Qo

7]

&2

o

>

[
=
=

©
8
=

e}
=
=

>

®©
©
<
=]

(2]

®©

o
)
=

T

o
o)

>

a
i)
=
=
b

s}

c
Qo

7]

&2

o

>
=

c
=

S

©
<
=]

©

2]

S

hronic Disease Risk

EXTENT AND DISTRIBUTION OF CHRONIC DISEASE: AN OVERVIEW 104

is the leading cause of deaths among adults in Japan, where hypertension is prevalent but CHD is uncommon (Komachi,
1977).

In past years, accurate assessment of stroke incidence and mortality has been hampered by frequent misdiagnosis. The
descriptive epidemiology of stroke should improve, however, as diagnosis is enhanced by computed tomography (CT), which
allows differentiation among the several basic causes of the stroke syndrome.

Within the United States

Strokes of all types were reported as the cause of death for approximately 182,000 persons in the United States in 1977;
limitations in death certification do not permit reliable estimates by type of stroke. The American Heart Association (AHA,
1983) estimated the 1981 prevalence of residual damage from strokes at 1.87 million and of coronary disease at 4.6 million.
Fatality shortly after the stroke occurs in about 15% of those affected, another 16% require institutional care, and 50% are
permanently disabled (Kannel and Wolf, 1983). The average annual incidence of stroke in a 20-year follow-up of 45- to 74-
year-old subjects in Framingham, Massachusetts, was 340 per 100,000 among men and 290 among women. Two-thirds of
these cases had cerebral infarction (Kannel and Wolf, 1983). Rates were about equal for men and women from age 65
onward, and the rates climbed precipitously with age—1 per thousand at ages 45 to 54, 3.5 at ages 55 to 64, 9.0 at ages 65 to
74, 20.0 at ages 75 to 84, and 40.0 at age 85 and over.

In the United States, approximately 50% of the strokes are attributed to atherosclerosis and thrombosis, 12% to cerebral
hemorrhage, 8% to subarachnoid hemorrhage, and 8% to embolism. The remainder are ill-defined (Kurtzke, 1976).

Time Trends in Mortality and Morbidity

Stroke deaths have declined for the past 50 years. In the 1940s and 1950s the rate of decline was 1% per year. Since
1972, the rate of decline has increased to 5% per year (Levy, 1979; Soltero et al., 1978). Between 1968 and 1981, the age-
adjusted death rate from stroke fell 46% (Inter-Society Commission for Heart Disease Resources, 1984). The decline has
been especially notable among nonwhites, especially nonwhite females. Population-based data on stroke incidence in the
United States are rare, but in Rochester, Minnesota, the average annual incidence for all types of stroke declined from 190 per
100,000 during 1945-1949 to 104 during 1970-1974 (Garraway and Whisnant, 1987; Garraway et al., 1979). The Rochester
data also documented that the decline in death rates ascribed to intracerebral hemorrhage began well before better diagnoses
became possible through the use of more widely available CT scans and continued to 1979.

There is evidence that fatality among hospitalized stroke patients has not declined much. This indicates that the drop in
deaths overall is attributable to out-of-hospital stroke deaths and suggests strongly that incidence must therefore have
declined (Gillum et al., 1985).

The underlying causes of the long-term decline in stroke deaths are not well established. It is clear, however, that there
has been improved control of the major risk factor—hypertension—as well as effective prevention of stroke in cases
experiencing TIA. Nevertheless, computer modelling by Bonita and Beaglehole (1986) suggests that drug treatment of
hypertension contributed less to reduced stroke mortality than reduction in levels of population risk factors (e.g., serum
cholesterol).

Associations Between Risk Factors in Individuals and Stroke
Age

Stroke deaths and incidence rates are very low until age 45. After that, they rise precipitously, more than doubling for
each decade (Kannel and Wolf, 1983).

Sex

Stroke deaths, prevalence, and incidence rates are generally similar for men and women after age 55, in contrast to the
much larger and more persistent sex differential for CHD. Cerebral atherosclerosis and stroke begin later in life. In
postmenopausal women this is presumed to be due to the loss of protection afforded by their hormonal status (Kannel and
Wolf, 1983). The downward trend in stroke deaths, which started earlier and was greater among women, can be explained in
part by more effective hypertension control (Garraway and Whisnant, 1987).

Ethnic, Racial, and Migrant Differences

In the United States, stroke deaths and incidence rates are higher among blacks than among whites (Kannel and Wolf,
1983). However, Ni-Hon-San data suggest that environment exerts an even greater influence, since stroke rates were
substantially greater among Japanese living in Japan than among Japanese migrants living in Ha

Copyright © National Academy of Sciences. All rights reserved.
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waii and California (Kagan et al., 1976, 1980). Because there is little difference in the prevalence of hypertension in migrant
Japanese populations, the difference in stroke rates was an early clue to the possibility that habitual diet and serum cholesterol
levels play a role in hemorrhagic stroke (Kagan et al., 1976; Komachi, 1977; Takeya et al., 1984; Ueshima et al., 1980).
Other studies confirm the role of acculturation in the rise and fall of stroke risk (Bonita and Beaglehole, 1982).

Socioeconomic, Occupational, and Psychosocial Factors

There are few systematic data on the relationship of socioeconomic, occupational, or psychosocial characteristics to
stroke death or incidence.

Familial and Genetic Factors

Close relatives of a stroke patient are at slightly greater risk of stroke than genetically unrelated persons (Heyden et al.,
1969). Results of a study conducted in Goteborg, Sweden (Welin et al., 1987), suggest that maternal history is more
important than paternal history in determining risk.

Other Risk Factors

Hypertension has been consistently, strongly, continuously, and independently related to risk of stroke in individuals
within populations at high risk for stroke (Dyken, 1984; Kannel and Wolf, 1983; Welin et al., 1987). Because of the great
prevalence of hypertension in the United States, the population risk of stroke attributable to hypertension, as well as the risk
for stroke for individuals, is high. The risk associated with elevated blood pressure increases continuously with increases in
diastolic and systolic levels. It increases with increases in systolic blood pressure levels even when the diastolic level remains
constant. In the Framingham 24-year follow-up study, for example, the 2-year incidence of stroke among men and women
ages 50 to 79 was progressively greater as systolic blood pressure levels increased from below 140 to above 160 mm Hg,
regardless of level of diastolic pressure. This finding suggests that an elevated systolic blood pressure even in the presence of
normal diastolic blood pressure (i.e., isolated systolic hypertension) constitutes a risk for stroke (Kannel and Wolf, 1983).

Age-adjusted annual incidence of cerebral infarction was more than twice as great in people with diabetes as in those
without the disease (Kannel and Wolf, 1983). This differential applied to both sexes and was independent of the associated
risk factors: blood pressure, serum cholesterol, cigarette smoking, and electrocardiographic findings.

Cigarette smoking was positively and independently associated with cerebral infarction in men below age 65 in the
Honolulu and Framingham studies (Abbott et al., 1986; Kannel and Wolf, 1983), but only a weak relationship was found in
the Chicago Stroke Study (Ostfeld et al., 1974).

In the Framingham Study, stroke incidence was negatively related to relative body weight in men over age 65, but
positively related under age 65 (Kannel and Wolf, 1983). Excessive abdominal fat was positively related in Géteborg men
(Welin et al., 1987).

Several surveys link self-reported alcohol intake to risk of stroke, including cerebral hemorrhage and cerebral infarction.
Age-adjusted incidence rose steadily from the level of nondrinkers to those drinking more than 30 ounces of alcohol per
month in populations followed in Japan (Omae et al., 1976), Honolulu (Kagan et .al., 1980), Alabama (Peacock et al., 1972),
Framingham (Marshall, 1971), and Chicago (Gill et al., 1986).

The presence of CHD, peripheral arterial disease (PAD), or hypertensive heart disease is strongly associated with
stroke risk (Ostfeld et al., 1974).

Peripheral Arterial Disease (PAD)

The term PAD is used here to refer to a specific entity of peripheral vascular disease (PVD) and includes clinical
syndromes of arterial insufficiency in the lower extremities. These syndromes are characterized by pain, inflammation, and
ischemic damage to soft tissues from occlusion of the arteries. The characteristic syndrome of PAD is intermittent
claudication—i.e., cramping, aching, and numbness of the extremities—which is induced by exercise but resolves promptly
when exercise ceases. Arterial aneurysms, an advanced form of PAD, lead to swelling, tissue separation, or rupture of major
arteries in the abdomen or pelvis. Arteriosclerosis obliterans is the most common clinical form, constituting the majority of
cases of public health concern. Its basic pathology is obliteration of the arterial lumen due to the formation of atherosclerotic
plaques with or without thrombosis.

PAD is diagnosed by a combination of clinical history (e.g., history of pain in the extremities upon exertion) and
changes in the color, temperature, and appearance of the skin; arterial pulsations or abnormalities of blood flow; and blood
pressure or pulse transmission or reappearance

Copyright © National Academy of Sciences. All rights reserved.
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time. Angiography is the reference method for assessing type and severity of the arterial disease, but ultrasound promises to
provide effective, noninvasive diagnoses.

There are few systematic data for comparing frequency of PAD among or within populations, and few studies of risk
characteristics have been conducted within populations. In addition, mortality data for PAD are unreliable because of the
variety of syndromes involved, their low relative frequency as a direct cause of death, and uncertainties pertaining to cause of
death, which is usually ascribed to associated cardiac, brain, or kidney disease. Furthermore, there is no reliable information
on trends in prevalence, incidence, or deaths from PAD. An exception is one population-based study, predominantly of
whites with an average age of 66, which provided evidence that large-vessel PAD was present in 11.7% of the subjects
(Criqui et al., 1985b).

Peripheral venous disease is not considered here because of its remote relationship to diet and nutrition.

Associations Between Risk Factors in Individuals and PAD
Age

PAD is characteristically, but not exclusively, a disease of older age. In a California study, there was a dramatic increase
in PAD prevalence by age (Criqui et al., 1985b). Framingham data also showed a steady rise in the average annual incidence
of intermittent claudication by age, mainly from age 55 onward (Kannel and McGee, 1985). Clinical onset may be delayed to
older ages by the large caliber of the arteries involved and, thus, the extreme degree of obstructive atherothrombotic disease
that is required before blood flow is sufficiently impaired to produce symptoms.

Sex

There are few systematic data on the distribution of PAD by sex. An older Mayo Clinic series conducted in the 1940s
indicated that the prevalence of PAD was six times higher in males than in females (Allen et al., 1946). In California, the
prevalence of intermittent claudication was greater in men (2.2%) than in women (1.7%) (Criqui et al., 1985b). In
Framingham, the incidence of intermittent claudication in men was approximately twice that in women up to age 65 (11.6 vs
5.3%); at older ages, the incidence was similar (Kannel and McGee, 1985).

Ethnic, Racial, and Migrant Differences

There are no systematic population data on ethnic, racial, and migrant differences in PAD, but a clinical series in the
United States suggest no large ethnic or racial differences (Juergens et al., 1959).